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[Document Name] SPECIFICATION 
[TITLE OF THE INVENTION] 
MAGNETORESISTIVE ELEMENT 
[CLAIMS] 

5 [Claim l] A magnetoresistive element comprising: 
at least a first ferromagnet Fl; 
a second ferromagnet F2; and 

a non magnet Nl sandwiched between Fl and F2, 
wherein a resistance value depends on a relative angle formed by 
10 magnetization directions of Fl and F2 at interfaces of Fl and F2 with the 
non-magnet Nl, 

wherein, assuming that Rl denotes an interface roughness of the 
interfaces of the ferromagnets Fl and F2 with Nl, Rl after a heat treatment 
at 300°C or higher satisfies the following relation : 
15 Rl < 20 nm. 

[Claim 2] A magnetoresistive element comprising: 

at least a first ferromagnet Fl; 

a second ferromagnet F2; and 
20 a non-magnet Nl sandwiched between Fl and F2, 

wherein a resistance value depends on a relative angle formed by 
magnetization directions of Fl and F2 at interfaces of Fl and F2 with the 
non-magnet Nl, 

wherein, assuming that* X denotes at least one element selected 
25 from Tc, Re, Ru, Os, Rh, Ir, Pd, Pt, Cu, Ag and Au; and x, y, z, a and b denote 
atomic compositions satisfying the relations of x+y+z=100, a+b=100, 
40<a<99.7 and 0.3<b<60, at least a part of the ferromagnets Fl and F2 at an 
interface with the non-magnet Nl is formed of a ferromagnetic material of 
(FexCoyNiz) a Xb after a heat treatment at 300°C or higher. 

30 

[Claim 3] A magnetoresistive element comprising- 
at least a first ferromagnet Fl; 
a second ferromagnet F2; and 

a non magnet Nl sandwiched between Fl and F2, 
35 wherein a resistance value depends on a relative angle formed by 

magnetization directions of Fl and F2 at interfaces of Fl and F2 with the 
non-magnet Nl, 
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wherein, assuming that- X denotes at least one element selected 
from Tc, Re, Ru, Os, Rh, Ir, Pd, Pt, Cu, Ag and Au; Y denotes at least one 
element selected from Mn and Cr; and x, y, z, a, b and c denote atomic 
compositions satisfying the relations of x+y+z=100, a+b+c=100, 40<a<99.7, 
5 0.3<b+c<60, 0.3<b<60 and 0<c<20, at least a part of the ferromagnets Fl and 
F2 at an interface with the non-magnet Nl is formed of a ferromagnetic 
material of (Fe x CoyNi z ) a XbYc after a heat treatment at 300°C or higher. 

[Claim 4] A magnetoresistive element comprising- 
10 at least a first ferromagnet Fl; 

a second ferromagnet F2; and 
a non-magnet Nl sandwiched between Fl and F2, 
wherein a resistance value depends on a relative angle formed by 
magnetization directions of Fl and F2 at interfaces of Fl and F2 with the 
15 non-magnet Nl, 

wherein, assuming that- X denotes at least one element selected 
from Tc, Re, Ru, Os, Rh, Ir, Pd, Pt, Cu, Ag and Au; Y denotes at least one 
element selected from Mn and Cr; Z denotes at least one element selected 
from Ti, Zr, Hf, V, Nb, Ta, Mo, W, Al, Si, Ga, Ge, In and Sn; A denotes at 
20 least one element selected from B, C, N, O, P and S; and x, y, z, a, b, c, d and 
e denote atomic compositions satisfying the relations of x+y+z=100, 
a+b+c+d+e=100, 40<a<99.7, 0.3<b+c+d+e<60, 0.3<b<60, 0<c<20, 0<d<30 and 
0<e<20, at least a part of the ferromagnets Fl and F2 at an interface with 
the non-magnet Nl is formed of a ferromagnetic material of 
25 (FexCoyNi^aXbYcZaA* after a heat treatment at 300°C or higher. 

[Claim 5] A magnetoresistive element according to any one of claims 2 to 4, 
wherein the metal alloy forming at least a part of the ferromagnets Fl and 
F2 at an interface with Nl is a metal alloy which is in a single phase state 
30 at a heat treatment temperature during a heat treatment process at 300°C 
or higher. 

[Claim 6] A magnetoresistive element according to any one of claims 1 to 5, 
wherein at least a part of the ferromagnets Fl and F2 is in contact with an 
35 antiferromagnet directly or via a non-magnet and a third ferromagnet, and 
a distance between an interface where the antiferromagnet is in contact 
with at least a part of the ferromagnets Fl and F2 and an interface where at 
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least the ferromagnets Fl and F2 are in contact with Nl is between 3 nm 
and 50 nm inclusive. 

[DETAILED DESCRIPTION OF THE INVENTION] 
5 [0001] 

[Field of the Invention] 

The present invention relates to a magnetoresistive element used in 
a magnetic head for magnetic recording such as a hard disk drive (HDD) 
and a magnetic random access memory (MR AM). 

10 [0002] 

[Description of the Prior Art] 

A multi-layer film with a basic structure of 
ferromagnet/non-magnet/ferromagnet can provide a magnetoresistance 
effect when current flows across the non-magnet. A spin tunnel effect can 

15 be obtained when using a tunnel insulating layer as the non-magnet, and a 
CPP (current perpendicular to the plane) GMR effect can be obtained when 
using a conductive metal layer of Cu or the like as the non-magnet. Both 
magnetoresistance effects (MR effects) depend on the magnitude of a 
relative angle between magnetizations of the ferromagnets that sandwich 

20 the non-magnet. The spin tunnel effect is derived from a change in 

transition probability of tunnel electrons flowing between the two magnets 
with the relative angle of magnetizations. The CPP-GMR effect is derived 
from a change in spin-dependent scattering. 
[0003] 

25 This ferromagnetic tunnel contact and the CPP GMR are used as 

magnetoresistive elements, a part of plural ferromagnets is used as a 
memory layer, a memory is written by changing a magnetic direction of the 
ferromagnet as the memory layer, and memory is read out by detecting a 
resistance change resulted therefrom. 

30 [0004] 

Specifically, a magnetic material is made to be in a state where a 
magnetic direction hardly changes with respect to external magnetic field, 
by using a rigid magnetic material with a high coercivity, or by having a 
layered structure including a ferromagnet and an antiferromagnet, which is 
35 so-called "pinned". Whereas, a soft magnetic material that changes a 
magnetic direction in lower magnetic fields than the above-mentioned 
magnetic material is used, and change only the magnetic direction of the 
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soft magnet by any of methods (usually, by disposing a conductor in the 
vicinity thereof, letting a current flow in the conductor, and generating a 
magnetic field) so as to write the memory. 
[0005] 

5 When a magnetoresistive element is used in a device, particularly in 

a magnetic memory such as MRAM, a monolithic structure combining the 
magnetoresistive element and a conventional Si semiconductor is necessary 
in view of the cost and the degree of integration. 
[0006] 

10 [Problems to be solved by the invention] 

To remove defects in wiring, a Si semiconductor includes heat 
treatment at high temperatures. This heat treatment is performed, e.g., in 
hydrogen at about 400°C to 450°C. However, the MR characteristics of the 
magnetoresistive element are degraded under heat treatment at 300°C to 

15 350°C or more (see The 8th Joint MMMIntermag Conference; AD- 13 Freitas 
et. al., Review of Japan Magnetics Society of Japan, vol. 25, No. 4-2, P. 779 
(2001) Amano et. al, Material for 16th workshop of Japan Magnetics Society 
of Japan, P. 16, and the like). 
[0007] 

20 A method for incorporating the magnetoresistive element after 

formation of the semiconductor element also has been proposed (see 
Material for 112th workshop of Japan Magnetics Society of Japan, P. 41). 
However, this method requires that wiring or the like for applying a 
magnetic field to the magnetoresistive element, the magnetoresistive 

25 element- the semiconductor element and the magnetoresistive element 

should be formed after producing the magnetoresistive element. Therefore, 
heat treatment is needed eventually, or a variation in wiring resistance is 
caused, degrading the reliability and stability of the element. 
[0008] 

30 In the light of the above-mentioned conventional problem, it is the 

object of the present invention to provide a magnetroresistive element that 
shows excellent MR characteristics after a heat treatment at 300°C or 
higher, in particular, 350°C or higher. 
[0009] 

35 [Means for solving problems] 

In order to attain the above-mentioned object, a magnetoresistive 
element includes^ at least a first ferromagnet Fi; a second ferromagnet F2; 
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and a non-magnet sandwiched between Fl and F2, wherein a resistance 
value depends on a relative angle formed by magnetization directions of Fl 
and F2 at interfaces of Fl and F2 with the non-magnet, wherein, assuming 
that Rl denotes an interface roughness of the interfaces of the ferromagnets 
5 Fl and F2 with Nl, Rl after a heat treatment at 300°C or higher satisfies 
the following relation- Rl < 20 nm. Moreover, a particularly preferable 
effect can be obtained, when the relation of Rl < 10 nm is satisfied after the 
heat treatment at 350°C or higher. 
[0010] 

10 In order to attain the above-mentioned object, in another 

structure of the present invention, a magnetoresistive element includes- at 
least a first ferromagnet Fl; a second ferromagnet F2; and a non-magnet Nl 
sandwiched between Fl and F2, wherein a resistance value depends on a 
relative angle formed by magnetization directions of Fl and F2 at interfaces 

15 of Fl and F2 with the non-magnet Nl, wherein, assuming that- X denotes at 
least one element selected from Tc, Re, Ru, Os, Rh, Ir, Pd, Pt, Cu, Ag and Au; 
and x, y, z, a and b denote atomic compositions satisfying the relations of 
x+y+z=100, a+b=100, 40<a<99.7 and 0.3<b<60, at least a part of the 
ferromagnets Fl and F2 at an interface with the non-magnet Nl is formed 

20 of a ferromagnetic material of (Fe x Co y Ni z )aXb after a heat treatment at 
300°C or higher. 
[0011] 

Also in this case, a particularly preferable effect can be obtained, 
when the heat treatment is conducted at 350°C or higher. 
25 [0012] 

In order to attain the above-mentioned object, in still another structure of 
the present invention, a magnetoresistive element includes- at least a first 
ferromagnet Fl; a second ferromagnet F2; and a non-magnet Nl 
sandwiched between Fl and F2, wherein a resistance value depends on a 

30 relative angle formed by magnetization directions of Fl and F2 at interfaces 
of Fl and F2 with the non-magnet Nl, wherein, assuming that: X denotes at 
least one element selected from Tc, Re, Ru, Os, Rh, Ir, Pd, Pt, Cu, Ag and Au; 
Y denotes at least one element selected from Mn and Cr; and x, y, z, a, b and 
c denote atomic compositions satisfying the relations of x+y+z=100, 

35 a+b+c=100, 40<a<99.7, 0.3<b+c<60, 0.3<b<60 and 0<c<20, at least a part of 
the ferromagnets Fl and F2 at an interface with the non-magnet Nl is 
formed of a ferromagnetic material of (Fe x Co y Niz)aXbY c after a heat 
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treatment at 300°C or higher. 
[0013] 

Also in this case, a particularly preferable effect can be obtained, 
when the heat treatment is conducted at 350°C or higher. 
5 [0014] In order to attain the above-mentioned object, in still another 

structure of the present invention, a magnetoresistive element includes* at 
least a first ferromagnet Fi; a second ferromagnet F2; and a non-magnet Nl 
sandwiched between Fl and F2, wherein a resistance value depends on a 
relative angle formed by magnetization directions of Fl and F2 at interfaces 

10 of Fl and F2 with the non-magnet Nl, wherein, assuming that* X denotes at 
least one element selected from Tc, Re, Ru, Os, Rh, Ir, Pd, Pt, Cu, Ag and Au* 
Y denotes at least one element selected from Mn and Cr" Z denotes at least 
one element selected from Ti, Zr, Hf, V, Nb, Ta, Mo, W, Al, Si, Ga, Ge, In and 
Sn* A denotes at least one element selected from B, C, N, O, P and S* and x, 

15 y, z, a, b, c, d and e denote atomic compositions satisfying the relations of 
x+y+z=100, a+b+c+d+e=100, 40<a<99.7, 0.3<b+c+d+e<60, 0.3<b<60, 0<c<20, 
0<d<30 and 0<e<20, at least a part of the ferromagnets Fl and F2 at an 
interface with the non-magnet Nl is formed of a ferromagnetic material of 
(Fe x Co y Niz)aXbYcZdAe after a heat treatment at 300°C or higher. 

20 [0015] 

Also in this case, a particularly preferable effect can be obtained, 
when the heat treatment is conducted at 350°C or higher. 
[0016] 

In the above-mentioned structure of the present invention, a 
25 particularly preferable effect can be obtained, when the metal alloy forming 
at least a part of the ferromagnets Fl and F2 at an interface with Nl is a 
metal alloy which is in a single phase state at a heat treatment temperature 
during a heat treatment process. 
[0017] 

30 A magnetoresistive element according to any one of claims 1 to 5, 

wherein at least a part of the ferromagnets Fl and F2 is in contact with an 
antiferromagnet directly or via a non-magnet and a third ferromagnet, and 
a distance between an interface where the antiferromagnet is in contact 
with at least a part of the ferromagnets Fl and F2 and an interface where at 

35 least the ferromagnets Fl and F2 are in contact with Nl is between 3 nm 
and 50 nm inclusive. 
[0018] 
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Embodiments of the present invention will be described as follows. 
As the substrate, a substance with an insulated surface, e.g., a Si substrate 
obtained by thermal oxidation, a quartz substrate, and a sapphire substrate 
can be used. Since the substrate surface should be smoother, a smoothing 
5 process, e.g., chemomechanical polishing (CMP) may be performed as 

needed. A switching element such as a MOS transistor may be produced on 
the substrate surface beforehand. In this case, an insulating layer is 
formed on the switching element, and then contact holes are provided at 
only a part in need. 
10 [Mode for carrying out the invention] 
[0019] 

As a method for forming each layer of the multi layer film, a general 
thin film producing method may be employed, e.g., sputtering, molecular 
beam epitaxy (MBE), chemical vapor deposition (CVD), pulse laser 
15 deposition, and ion beam sputtering. As a micro -processing method, 

well-known micro-processing methods, such as photolithography using a 
contact mask or stepper, EB lithography and focused ion beam (FIB) 
processing, may be employed. 
[0020] 

20 For etching, well-known etching methods, such as ion milling, 

reactive ion etching (RIE), ion milling and RIE using ICP plasma may be 

employed. 

[0021] 

For smoothing and removing unnecessary parts of formed film, a 
25 known CMP and a precision lapping may be employed. 
[0022] 

Heat treatment in vacuum, inert gas or hydrogen gas for improving 
element characteristics was performed either in non-magnetic field or 
magnetic field. In particular, in the case of the elements having a structure 

30 that needs a heat treatment in magnetic field, a heat treatment at 260°C to 
300°C in magnetic field with 1 kOe to 30 kOe is conducted, then a heat 
treatment was conducted again. In this case, excellent magnetic 
characteristics can be obtained even by a heat treatment in non-magnetic 
field, but a stable and excellent magnetic characteristics curve can be 

35 obtained when a heat treatment is conducted in a magnetic field in the same 
direction as that of the initial pin heat treatment, or when a heat treatment 
is conducted again in a magnetic field in the same direction after the heat 
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treatment in non-magnetic field. 
[0023] 

Even with a conventional magnetoresistive element, the MR 
characteristics after heat treatment sometimes is constant or improved if 
5 the temperature is up to about 300°C. However, the MR characteristics are 
degraded after heat treatment at 300°C or more, alternatively, the MR 
characteristics sustains when the temperature is up to 350°C, and then are 
degraded after heat treatment at 350°C or more. Therefore, an effect 
according to the structure of the present invention is superior to that of the 

10 conventional example at heat treatment temperature of 300°C or more, 

being more conspicuous at 350°C or more. Considering that the element is 
combined with a Si semiconductor process, the heat treatment temperature 
should be about 400°C. The present invention can provide an element that 
exhibits practical characteristics even for heat treatment at 400°C. In 

15 addition, a heat treatment at 400°C or more, which is for suppressing wiring 
defects or reducing contact resistance between wirings or between a wiring 
and an element, and a heat treatment at 300°C or more for improving 
characteristics of magnetoresistive elements of the present invention may be 
conducted at the same time, which is an effective means in the light of 

20 reducing cost. 
[0024] 

For evaluating roughness of an interface of the non-magnet of the 
present invention, measurement may be performed based on a 
cross-sectional image obtained with a transmission electron microscope 

25 (TEM). Simple evaluation also can be performed in the following manner: 
a model film is prepared by stopping the film forming process after the 
non-magnet Nl is deposited; the model film is subjected to in-situ heat 
treatment in vacuum; and the surface shape is observed with an atomic 
force microscope while maintaining the state of the film. 

30 [0025] 

For obtaining roughness Rl, maximum deviation (a maximum value 
of deviation from the average line of the curve in the range) at the interface 
with a length of 50 nm is measured at ten portions. And eight values 
excluding the maximum and the minimum values are taken to calculate an 
35 average, which is the sample Rl. Furthermore, particularly when the 
relation of Rl < 5 nm was satisfied, the MR properties including the 
magnetroresistive curve were excellent. 
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[0026] 

Among the types of "roughness" of the interface, the roughness 
exerts a different effect on the MR characteristics depending on whether it 
occurs in a short period or long period. Therefore, if Rl is defined with 
5 relatively wider range, waviness on the interfaces may occur in Rl, thus 
roughness without relation with the characteristics occurs in Rl. Taking 
the effect into consideration, the minimum radius of curvature of the 
waviness within a certain range is preferable as the definition of the 
roughness. Thus, when the minimum radius of curvature is measured at 

10 ten portions in the range of 50 to 100 nm, and the average of eight values 

among them is defined as the minimum radius of curvature of the sample, a 
sample with the minimum radius of curvature of 2 nm or more has excellent 
characteristics after the heat treatment. In particular, a sample with the 
minimum radius of curvature of 30 nm or more has excellent MR 

15 characteristics including a magnetoresistive curve after the heat treatment. 
However, at present, there is a limit to controlling the thickness of a sample 
for TEM observation. Therefore, at a portion having a sufficiently small 
thickness, the radius of curvature can be determined. However, at the 
other portion, since the interfaces tend to be overlapped in the thickness 

20 direction, it is impossible to clearly specify the minimum radius of curvature 
of a sample having a particularly small minimum radius of curvature. 
When the minimum radius of curvature may be determined, and it is larger 
than 2nm or larger than 30 nm, the MR characteristics are excellent, or the 
MR characteristics including the magnetoresistive curve are excellent. 

25 Each of these samples is basically 20 nm or less, or 5 nm in Rl of the 

present invention. Depending on the progress in technique of producing 
samples for TEM observation, ranges determined by the above two 
definitions which provide excellent MR characteristics after the heat 
treatment have conformity with each other, alternatively, the range 

30 determined by the minimum radius of curvature determines the range that 
provides a preferable characteristics more precisely. 
[0027] 

An element having small Rl after the heat treatment may be 
obtained if the composition thereof is within the range limited in the present 
35 invention, and the element is formed after surfaces of electrodes which are 
on a single-crystal substrate is subjected to the heat treatment at 400°C or 
higher so as to reduce distortion, and suppressing the surface roughness by 
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ion-milling the surface at a low angle or irradiating it with a gas cluster ion 
beam. In this case, the magnetic characteristics are excellent. When not 
using the single-crystal substrate, a sample, which is obtained by forming a 
film on the electrodes and lower magnet, performing the heat treatment at 
5 400°C or more, suppressing the surface roughness, forming a non-magnet or 
another lower magnet thereon, and then forming a non-magnet, may 
provide small Rl after the heat treatment with a low possibility, though. 
In this case, the MR characteristics after the heat treatment were excellent. 
The sample in which a composition near the interface with the non-magnet 
10 after the heat treatment is in the range of the present invention provides 
small Rl after the heat treatment with pretty high possibility, thus 
obtaining the excellent MR characteristics. 
[0028] 

In the sample with small Rl after the heat treatment, the MR 

15 characteristics not only maintained, but also tended to improve further in 
the heat treatment at 300°C or more. The reason for an improvement in 
MR characteristics by heat treatment is not clarified fully. However, the 
heat treatment may improve the barrier characteristics of the non-magnet. 
This is because favorable MR characteristics can be obtained generally by 

20 reducing defects in a barrier or increasing the height of the barrier. 
Conventionally, the effect of improving the MR characteristics reaches a 
constant value in heat treatment at 300°C, but with the range of Rl of the 
present invention, there is a possibility of generating defect reduction at 
300°C or more in a reaction or mechanism that is different from that at 

25 300°C or less. Another possible reason is a change in chemical bond at the 
interfaces between the non-magnet and the ferromagnets. At present, the 
mechanism thereof is not known, but the possibility that the MR 
characteristics of the magnetoresistive element is easily affected by the 
state of the bond at the interfaces between the non-magnet and the 

30 ferromagnets. 
[0029] 

To analyze the composition, a local composition analysis using, e.g., 
TEM may be preformed. A model film obtained by stopping the film 
forming process after the non-magnet is deposited may be used as the 
35 ferromagnet located below the non-magnet. In this case, the model film is 
heat-treated at a predetermined temperature, then the non-magnet is 
removed appropriately by milling, and thus the composition is measured 
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with surface analysis such as Auger electron spectroscopy and XPS 

composition analysis. 

[0030] 

When the composition at the interfaces between the non-magnet and 
5 the ferromagnets is in the range of the present invention, 

a small Rl and improvement of MR characteristics at 300°C or more can be 
achieved easily with high possibilities. The reason for it is thought that the 
bond of non-magnets forming a barrier is reinforced easily because noble 
metal such as Tc, Re, Ru, Os, Rh, Ir, Pd, Pt, Cu, Ag, Au or the lite have a 
10 catalytic effect on oxygen or the like. When adding more than 60 at%, the 
MR characteristics deteriorate. Another reason for it is thought to be 
deterioration of the characteristics as ferromagnets due to increase of an 
amount of the non-magnetic additive element. 
[0031] 

15 For the balance of the effect, the particularly preferred content of 

the element such as Tc, Re, Ru, Os, Rh, Ir, Pd, Pt, Cu, Ag, Au or the like is 
3% or more, and 30% or less. 
[0032] 

It is known that a Mn-based antiferromagnet such as PtMn and a 
20 Cr-based antiferromagnet which are used as fixed beds degrade the 

characteristics, because the elements such as Mn, which are oxidized easily 
and form oxides having magnetism, diffuse in the vicinity of the barrier 
interfaces. 
[0033] 

25 However, in the present invention, if Mn, Cr or the like is added 

together with Tc, Re, Ru, Os, Rh, Ir, Pd, Pt, Cu, Ag, Au, when the content of 
Mn, Cr or the like is about 20% or less, the significant deterioration of the 
MR characteristics does not occur unlike in the conventional example. In 
particular, when the content of Mn, Cr or the like is less than that of Tc, Re, 

30 Ru, Os, Rh, Ir, Pd, Pt, Cu, Ag, Au or the like, the deterioration does not occur, 
and some samples rather show improvement of the MR characteristics after 
the heat treatment. There are some cases where the MR characteristics 
after the heat treatment are improved rather than degraded, comparing 
with the case of adding no Mn or Cr. It is not certain that the improvement 

35 of the MR characteristics is due to the effect of adding Mn and Cr, 

considering a range of variation of the characteristics, but the results were 
obtained showing that the add of Mn, Cr or the like together with Tc, Re, Ru, 
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Os, Rh, Ir, Pd, Pt, Cu, Ag, Au or the like may contribute to the further 
improvement of the MR characteristics after the heat treatment. 
[0034] 

When the magnetoresistive element is used in a device, the 
5 magnetic characteristics as an usual magnet, such as soft magnetic 

properties and high-frequency properties, become more important than the 
MR characteristics. Therefore, by adding an element such as Ti, Zr, Hf, V, 
Nb, Ta, Mo, W, Al, Si, Ga, Ge, In, Sn or the like, or an element such as B, C, 
N, O, P, S or the like, together with Tc, Re, Ru, Os, Rh, Ir, Pd, Pt, Cu, Ag, Au 
10 or the like, or further with Mn, Cr or the like, it becomes possible to 

manufacture a magnetoresistive element with the MR characteristics and 
the usual magnetic characteristics which are controlled so as to be balanced. 
[0035] 

After analyzing the composition at the interfaces by the 

15 above-mentioned composition analysis, an alloy having the same 

composition as that at the interfaces was molded by general molding, which 
then was heat-treated in inert gas at 350°C to 450°C for 24 hours. This 
alloy was cut substantially in half, and then the cutting planes were 
polished and etched. The state of particles on the surface was observed 

20 with a metallurgical microscope and an electron microscope. Moreover, the 
composition distribution was evaluated by the above composition analysis or 
EDX. The result confirmed that when a composition showed an uniform 
phase at heat treatment temperatures used, there was high stability in MR 
characteristics after heat treatment for a long time. When a composition 

25 showed a nonuniform phase at heat treatment temperatures used, there 
was a high probability of degradation in MR characteristics after heat 
treatment for a long time. A bulk material differs from a thin film in phase 
stability depending on the effect of the interfaces. In the sample with the 
composition showing a nonuniform phase, plural phases may be deposited to 

30 the interfaces due to the heat treatment, and the composition in some part 
may be beyond the composition range of the present invention, alternatively, 
a deterioration caused by the interfaces between the phases may occur. 
[0036] 

In the case of adding the element such as Mn, Cr or the like together 
35 with the element such as Tc, Re, Ru, Os, Rh, Ir, Pd, Pt, Cu, Ag, Au or the 

like so as to obtain a preferable MR characteristics after the heat treatment, 
an antiferromagnet such as PtMn, PdPtMn, IrMn, FeMn, NiMn, RhMn, 

12 
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CrMnPt, CrAl, CrRu and the like may be used as a fixed bed, and the 
diffusion from the antiferromagnet caused by the heat treatment may be 
utilized. In this case, for controlling the content of Mn or Cr to be in the 
range of the present invention, excellent MR characteristics can be obtained 
5 if time of the heat treatment is adjusted at temperature ranging 

approximately between 300°C and 450°C, with a distance between the 
interface of the antiferromagnet and the interface of the non-magnetic 
barrier ranging between 3 nm and 50 nm. 
[0037] 

10 The above-mentioned methods are some of the examples, and the 

present invention is not limited by the above-mentioned examples. 
[0038] 

(A first embodiment) 

APt film having a thickness of 1000 A was evaporated on a 

15 single-crystal MgO (100) substrate as a lower electrode with MBE, which 
then was heat-treated in vacuum at 400°C for 3 hours. The substrate was 
irradiated with Ar ions at an incidence angle of 10° to 15° by using an ion 
gun, thus cleaning the surface and decreasing the roughness on the surface. 
Next, a NiFe film having a thickness of 8 nm was formed on the Pt 

20 film with RF magnetron sputtering. Further, an Al film formed by DC 
magnetron sputtering was oxidized by introducing pure oxygen into a 
vacuum chamber so as to produce an AlOx barrier. Subsequently, a 
Fe5oCo5o film having a thickness of 10 nm was formed as magnetoresistive 
elements. With patterning by photolithography and ion milling etching, a 

25 plurality of magnetoresistive elements for evaluation having the same 
configuration as that shown in FIG. 1 were produced. A Cu film was 
formed as an upper electrode with DC magnetron sputtering, and a Si02 
film was formed as an interlayer insulating film with ion beam sputtering. 
The MR ratio of each of the magnetoresistive elements was 

30 measured by measuring a resistance with a DC four-terminal method while 
applying a magnetic field. The MR characteristics was measured after 
each of the heat treatments at 260°C for 1 hour, at 300°C for 1 hour, at 350°C 
for 1 hour, and at 400°C for 1 hour. After measurement of the MR ratio, Rl 
was measured for each element. Table 1 shows the results. 
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[0039] 
[Table l] 

TABLE 1A 



No heat 
treatment 


Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


MR(%) 
(average/max) 


1 9/1 3 ^ 


1 1 Q/1 3 2 


1 0 5/1 2 8 


8 2/- 


Number of 
corresponding 
samples 


80 


12 


6 


1 


260°C 


Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


MR(%) 
(average/max) 




1 3 8/1 4 8 

10.0/ Xfl.O 


12^/1^2 


8 S/Q 2 


Number of 
corresponding 
samples 


82 


12 


3 


3 


300°C 


Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


MR(%) 
(average/max) 


i ^ ft/1 & n 

10.0/ ±D.U 


1 ^ ^/l ^ Q 


1 4 ^/l 4 9 




Number of 
corresponding 
samples 


62 


15 


9 


12 


350°C 


Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


MR(%) 
(average/max) 


16.2/16.4 


15.7/16.0 


14.5/14.9 


1.9/5.2 


Number of 
corresponding 
samples 


17 


14 


26 


33 


400°C 


Rl 


Rl<3 


1 3<R1<10 


10<R1<20 


20<R1 


MR(%) 
(average/max) 


16.4/16.6 


15.9/16.1 


14.5/14.9 


1.8/2.3 


Number of 
corresponding 
samples 


3 


6 


15 


51 



The total number of samples varies depending on a heat treatment temperature. 



5 
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[0040] 

In addition, FIG. 2 is for describing the definition of Rl of the 
present invention, which is a radius of curvature. 
[0041] 

Magnetoresistive elements were produced in the same manner 
except that a Si substrate obtained thermal oxidation was used as a 
substrate, a Cu film having a thickness of 1000 A and a Ta film having a 
thickness of 50 A were used as a lower electrode. Both Cu and Ta films 
were formed by RF magnetron sputtering, the NiFe film was formed by DC 
magnetron sputtering, the Co7sFe25 film was formed by RF magnetron 
sputtering, the BN film was formed by reactive evaporation, and the 
Fe5oCo5o film was formed by RF magnetron sputtering. 

The MR ratio and Rl were measured for each magnetoresistive 
element in the same manner as the above. Table 2 shows the results. 
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[0042] 
[Table 2] 

TABLE 2 



No heat 
treatment 


Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


MR(%) 
(average/max) 


lo.l/^U.U 


I 7 Q/1 Q ^ 

I I .vi iv.o 


1^^/178 


1 0 2/1 3 2 


Number of 
corresponding 
samples 


67 


22 


7 


4 


260°C 


Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


MR(%) 
(average/max) 


i q o /on i 


1 ft n/i Q 7 

io.u/±y. / 


1 ft *W1 7 Q 
lO.O/ 1 / .V 




Number of 
corresponding 
samples 


69 


21 


5 


5 


300°C 


Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


MR(%) 
(average/max) 


ly.o/zu.o 


1 Q 1/1Q Q 


1 1 ft ft 


1 1 8/1 1 ^ 
11. 0/ lo.u 


Number of 
corresponding 
samples 


36 


36 


9 


15 


350°C 


Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


MR(%) 
(average/max) 


19.7/20.5 


19.2/20.2 


17.5/18.8 


5.8/11.8 | 


Number of 
corresponding 
samples 


15 


16 


21 


36 ; 


400°C 


Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


MR(%) 
(average/max) 


19.9/20.6 


19.2/20.0 


16.8/18.5 


2.8/5.6 


Number of 
corresponding 
samples 


1 


8 


13 


52 



The total number of samples varies depending on a heat treatment temperature. 
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[0043] 

Magnetoresistive elements were produced using a Si substrate 
obtained by thermal oxidation as a substrate, forming a Cu film having a 
thickness of 2000 A and a UN film having a thickness of 30 A as a lower 
5 electrode, forming a NiFe film of 8 nm and a Co7sFe25 film of 2 nm by DC/RF 
magnetron sputtering, using an AlOx film as non-magnet was oxidized by 
plasma oxidation, and forming a Fe5oCo5o film of 5 nm thereon. The sample 
of magnetroresitive element was evaluated similarly, and the results are 
shown in Table 3. 
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[0044] 
[Table 3] 

TABLE 3 





Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


No heat 


MR(%) 
(average/max) 


OO 1 /OA O 


O 1 C /O A 1 

,£1.5/24.1 


20.1/22.8 


lo.o/i /.y 


treatment 


Number of 
corresponding 
samples 


66 


23 


6 


5 




Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


260°C 


MR(%) 
(average/max) 


OO 1 /O A £f 

23.1/24.5 


22.8/24.3 


o i o /o o r\ 

21.8/23.0 


16.0/17.2 


Number of 
corresponding 
samples 


67 


20 


6 


7 




Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


300°C 


MR(%) 
(average/max) 


O A i /O A rj 

24.1/24.7 


2d. 5/24. d 


on n i o o o 

22.0/22.8 


1 O C /I C 1 

12.5/15.1 


Number of 
corresponding 
samples 


31 


34 


11 


18 




Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


350°C 


MR(%) 
(average/max) 


24.3/24.7 


23.8/24.1 


21.8/22.2 


3.2/8.1 


Number of 
corresponding 
samples 


3 


7 


14 


58 




Rl 


Rl<3 


3<R1<10 


10<R1<20 


20<R1 


400°C 


MR(%) 
(average/max) 




23.8/23.9 


21.6/21.6 


2.6/3.6 


Number of 
corresponding 
samples 


0 


2 


3 


61 



The total number of samples varies depending on a heat treatment temperature. 
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[0045] 

As shown above, reducing Rl after the heat treatment leads to 
increase of the MR ratio. Basically the same results were obtained in both 
cases where Co7oFe3o, CogoFeio, Ni6oFe4o, sendust, Fe5oCo2sNi25, 
5 Co7oFe5Sii5Bio, or the like was used as the ferromagnets in the form of a 
single-layer or a multi layer and where an AI2O3 film formed by reactive 
evaporation, an A1N film formed by plasma reaction, and a film of TaO, TaN 
or A1N formed by natural oxidation or nitridation was used as the 
non-magnet. Basically the same results also were obtained from the 

10 magnetoresistive elements having the cross-sectional configurations as 
shown in FIG. 3. For the element that included a plurality of junctions 
(tunnel junctions) due to the non-magnet, the maximum Rl was used as Rl 
of the element. In these elements, CrMnPt (thickness: 20 to 30 nm), 
Tb2sCo75 (10 to 20 nm), PtMn (20 to 30 nm), IrMn (10 to 30 nm), or PdPtMn 

15 (15 to 30 nm) was used as the antiferromagnet, and Ru (thickness: 0.7 to 0.9 
nm), Ir (0.3 to 0.5 nm), or Rh (0.4 to 0.9 nm) was used as the non-magnetic 
metal film. 
[0046] 

(A second embodiment) 

20 Magnetoresistive elements were produced by the same methods of 

film forming and processing as those in Example 1. The composition of the 
film was analyzed by Auger electron spectroscopy, SIMS, and XPS. An 
AI2O3 film (thickness: 1.0 to 2 nm) was used as the non-magnet. The AI2O3 
film was produced by forming an Al film by ICP magnetron sputtering and 

25 oxidizing the Al film in a chamber filled with a mixed gas of pure oxygen 

and high purity Ar. A Ru film (0.7 to 0.9 nm) was used as the non-magnetic 
metal layer, and PdPtMn (15 to 30 nm) was used as the antiferromagnet. 
Each type of the element, temperature of the heat treatment, composition of 
the ferromagnet near the interface with the non-magnet, composition of the 

30 ferromagnet in the middle, the composition of the ferromagnet near the 
other interface (at %) and the MR ratio are shown in Tables 4a to 8d. 
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[0047] 

[Table 4] 



TABLE 4a)- 1 



Sample 

No. 


Element 
type 


Heat 
treatment 
temperature 


MR 

(%) 


Composition 1 


Composition 2 


Composition 3 


Composition 4 


Composition 
5 


Composition 
6 






r.t. 


22.2 
















a) 


260 


24.5 














1 


300 


24.3 


CorsFeas 


Co?5Fe25 


Co7&Fe25 


Co7&Fe2B 


NiaoFeao 


NiaoFeao 






350 


15.3 


















400 


10.1 


















r.t. 


22.3 


















260 


23.8 














2 


a) 


300 


23.2 


(Co7BFe2^99APt0J2 


(CWe^JBPto^ 


(CO75Fe2B)993Pt0^ 


(Co7BFe^)9QAPt02 


NiaoFeao 


NiaoFeao 






350 


14.9 


















400 


10.2 


















r.t. 


23.1 


















260 


24.7 














3 


a) 


300 


24.7 


(C07BFe2^99.7Pt03 


(CoTsFea^jPtos 


(CoTsFe^vPtoa 




NiaoFeao 


NiaoFeao 






350 


24 


















400 


21.1 


















r.t. 


24.2 


















260 


25.2 


(C076Fe25^7Pt3 


(CoTsFe^Pta 


(ComFe25)^Pt5 


(CoT^Fe^Pfe 






4 


a) 


300 


25.4 


NiaoFeao 


NiaoFeao 






350 


26.3 


















400 


25.4 
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[0047] continued 

[Table 4] continued 



TABLE 4a)-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 

TO 


MR 


Composition 1 


Composition 2 


Composition 3 


Composition 4 


Composition 
5 


Composition 
b 






r.t 


23.8 


















260 


24.9 














5 


a) 


300 


25.5 


(C075F ea^asPtis 


(C075Fe25>86Ptl5 


(C07BFe25>«Ptl5 


(CoTBFe^asPtis 


NiaoFeao 


NiaoFea) 






350 


30.1 


















400 


33.2 


















r.t 


23.9 


















260 


25.1 














6 


a) 


300 


25.3 


(C075F e2&)7lPt29 


(Co^Fe^TiPts 


(CoTsFe^TiPtss 


(C075Fe2s)7lPtz3 


NiaoFea) 


NiaoFea 






350 


25 


















400 


24.8 


















r.t 


18.9 


















260 


19.4 














7 


a) 


300 


20.1 


(Co75Fe2^4iPtffi 


(C07&Fe25)4lPte) 


(Co7BFe^) 4 iPt ffl 


(Co7BFe2^4iPte 


NiaoFea) 


NiaoFea) 






350 


20.5 


















400 


20.2 


















r.t. 


12.5 


















260 


17.8 














8 


a) 


300 


15.3 




(Co7&Fe2^3aPte 


(Co75Fe2s)3aPte 


(Co75Fe2&^aPte2 


NiaoFeao 


NiaoFea) 






350 


12.2 


















400 


11.2 
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[0048] 

[Table 5] 



TABLE 4b)- 1 



Sampl 
e 
No. 


ELemen 
t 

type 


Heat 
treatment 
temperature 


MR 

(%) 


Composition 1 


Composition 2 


Composition 3 


Composition 4 


Composition 5 


Composition 6 






r.t. 


19.1 


















260 


21.2 














9 


a) 


300 


22.1 


NieoFe* 


NifioFe* 


NieoFec 


NieoFe* 


NiajFem 


NiaoFeao 






350 


15.1 


















400 


10.2 


















r.t. 


18.5 


















260 


19.9 














10 


a) 


300 


18.1 • 


(NiajFe^oWPtaePoW 


(NieoFe^asPtaisPoW 


(^fiaaFe4o)aa8pta oPdoD7 


(NifflFe^WPtaisPdom 


NiaoFeaj 


NiaoFeao 






350 


15.8 


















400 


11.2 


















r.t. 


19.1 


















260 


20.9 














11 


a) 


300 


21.1 


(Nia)Fe«)ffli7PtQ2Pdai 


(NifflFe^WWPdai 


(NifloFe4a>aa7Pta2PdQi 


(NiajFe4o)ffli7Pt<i2Pdai 


NiaoFem 








350 


19.9 


















400 


19.7 


















r.t. 


19.8 


















260 


22.1 














12 


a) 


300 


22.3 


(NiaoFe^PtzPdi 


(NifflFe^PtaPdi 


(NifloFeoWPtaPdi 


(NiaiFao^RaPdi 


NiaoFeao 


NiaiFeao 






350 


22.2 


















400 


22.1 
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[0048] continued 

[Table 5] continued 



TABLE 4b)-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 

w> 


MR 

\70) 


Composition 1 


Composition 2 


Composition 3 


Composition 4 


Composition 

O 


Composition 
o 






r.t. 


18.8 


















260 


19.9 














13 


a) 


300 


19.8 


(NieoFe^aaPtioPds 


(NieaFe^asPtiaPds 


(NieoFe^asPtioPds 


OSfifioFe^flBPtioPds 


NiaoFeao 


NiaoFeao 






350 


26.2 


















400 


28.8 


















r.t. 


18.7 


















260 


19.8 














14 


a) 


300 


20.1 


(NimFe4o)7iPti3Pdio 


(NimFe^TiPtisPdio 


(NisoFe^TiPtigPdio 


<NieoFe4Q)7iPti9Pdio 


NiaoFeao 


NiaoFeao 






350 


22.5 


















400 


23.1 


















r.t. 


18.7 


















260 


18.8 














15 


a) 


300 


19.1 


(NieoFe4Q)4iPtsPdic 


(NHaoFe4o)4iPfe9PdaD 


(Ni£»Fe4o)4iPfeaPda) 


(Nia>Fe4a)4iPtaaPda) 


NiaoFeao 


NiaoFeao 






350 


19.9 


















400 


19.6 


















r.t. 


16.4 


















260 


16.8 














16 


a) 


300 


15.9 


(Ni6oFe4o)3aPt4iPd2i 


(Ni G oFe 4 o)3aPt 1 iPd 2 i 


(Nia)Fe4o)3aPt4iPd2i 


(Ni6oFe4Q)3aPtiiPda 


NiaoFeao 


NiaoFeao 






350 


12.3 


















400 


9.8 
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TABLE 4c)-l 



Sampl 

e 
No. 


Element 

f VT1P 


Heat 
treatment 
temperature 

(°c) 


IVlxv 
(%) 


Composition 1 


Composition 2 


Composition 3 






r.t. 


22.5 












260 


24.5 








17 


a) 


300 


24.1 


CogoFeio 


CogoFeio 


C076Fe26 






350 


15.2 












400 


9.9 












r.t. 


21.8 












260 


23.7 








18 


a) 


300 


23.4 


Co9oFeio 


Co 90 Feio 


(Co75Fe25)gg.aIro. 1Pdo.05Rho.05 






350 


15.3 












400 


11.3 












r.t. 


22.2 












260 


24.2 








19 


a) 


300 


24.1 


CogoFeio 


CogoFeio 


(Co75Fe25)99.7lro.i6Pdo.o7Rho.oa 






350 


23.9 












400 


23.8 












r.t. 


20.6 












260 


22.9 








20 


a) 


300 


23.3 


CogoFeio 


CogoFeio 


(Co 75Fe2s) 97lr 1 .sPdo. 75Rho.75 






350 


24.2 












400 


24.5 
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TABLE 4c)-2 



Sample 

No. 


Element 
type 


Heat treatment 
temperature 
(°C) 


MR 

(%) 


Composition 4 


Composition 5 


Composition 6 






r.t. 


22.5 












260 


24.5 








17 


a) 


300 


24.1 


C075Fe25 


C07BFe26 


Co7sFe26 






350 


15.2 












400 


9.9 












r.t. 


21.8 












260 


23.7 








18 


a) 


300 


23.4 


(Co76Fe25)99.sIro.lPdo.05Rho.06 


(Co76Fe2B)99.8 Iro. 1 Pdo.06Rho.05 


(Co75Fe26)99.8lro.lPdo.06Rho.06 






350 


15.3 












400 


11.3 












r.t. 


22.2 












260 


24.2 








19 


a) 


300 


24.1 


(Co7BFe25)99.7lro.iePdo.o7Rho.oa 


(Co7sFe26)99.7lro. 15Pdo.07Rho.oa 


(Co75Fe2s)99.7lro. 1 5Pdo.07Rho.oa 






350 


23.9 












400 


23.8 












r.t. 


20.6 












260 


22.9 








20 


a) 


300 


23.3 


(Co7sFe25)97lri.6Pdo.75Rho.75 


(Co7BFe26)97lr LBPdo.75Rho.75 


(C075Fe25)97lr 1.5Pdo.75Rho.7B 






350 


24.2 












400 


24.5 
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TABLE 4c)-3 



Sample 
No. 


Element 
type 


Heat treatment 
temperature 


IVLrv, 
(%) 


Composition 1 


Composition 2 


Composition 3 






r.t. 


20.5 












260 


21.4 








21 


a) 


300 


22.6 


Co9oFeio 


CogoFeio 


(Co75Fe25Wr7.6Pcb.7Rh3.a 






350 


26.8 












400 


27.3 












r.t. 


20.4 












260 


21.1 








22 


a) 


300 


22.2 


CogoFeio 


CogoFeio 


(C075Fe26)7lIri4.6Pd7.2Rh7.3 






350 


25.2 












400 


25.5 












r.t. 


15.3 












260 


20.2 




CogoFe 10 




23 


a) 


300 


21.4 


CogoFeio 


(C076Fe26)4lIr29.6Pdl4.7Rh 14.8 






350 


23.2 












400 


23.1 












r.t. 


15.1 












260 


20.1 








24 


a) 


300 


19.7 


CogoFeio 


CogoFeio 


( Co7&Fe25)s8lr3 1 Pd i6.eRh is.b 






350 


15.1 












400 


10.2 
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TABLE 4c)-4 



Sample 
No. 


Elem 
ent 
tvoe 


Heat treatment 
temperature 
(°C) 


MR 

(%) 


Composition 4 


Composition 5 


Composition 6 






r.t. 


20.5 












260 


21.4 








21 


a) 


300 


22.6 


(C075Fe25)85lr7.5Pd3.7Rh 3 .8 


(C075Fe 2 6)85lr7.5Pd3.7Rh 3 .8 


(C076Fe25)86lr7.5Pd3.7Rh 3 .8 






350 


26.8 












400 


27.3 












r.t. 


20.4 












260 


21.1 








22 


a) 


300 


22.2 


(C07BFe 2 6)7lIri4.6Pd7.2Rh7.3 


(C076Fe26)7lIri4.6Pd7.2Rh7.3 


(C076Fe 2 B)7lIru.6Pd7.2Rh7.3 






350 


25.2 












400 


25.5 












r.t. 


15.3 












260 


20.2 








23 


a) 


300 


21.4 


(C076Fe26)4lIr29.6Pdl4.7Rh 14.8 


(Co75Fe25)4 1 Ir29.sPd 14.7Rh 14.8 


(C075Fe25)4lIr29.6Pdl4.7Rh 14.8 






350 


23.2 












400 


23.1 












r.t. 


15.1 












260 


20.1 








24 


a) 


300 


19.7 


(C076Fe26)38lr3lPd 15.6Rh 16.5 


(Co7BFe2B) 3 8lrsiPd ie.6Rh 15.5 


(Co76Fe26)38lr3 lPd lB.sRh ib.s 






350 


15.1 












400 


10.2 
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[0050] 

[Table 7] 



TABLE 4d)-l 



Sample 
No. 


Element 


Heat 
treatment 
temperature 

eo 


MR 

(%) 


Composition 
1 


Composition 
2 


Composition 3 


Composition 4 


Composition 5 


Composition 6 






r.t. 


22.5 


















260 


34.2 










CWFeas 


Co-T&Feas 


25 


b) 


300 


36.1 


NiaoFeao 


NiaoFeao 


CoTsFeas 


CoTsFeas 










350 


22.2 










(CoTsFea^soMni 


(Co7&Fea&)9BMne 






400 


14.8 










(CoTsFea^gaMna 


(Co75Fe2sfeoMnio 






r.t. 


21.8 


















260 


33.8 










(Co75Fea^»BPtoa 


(CoTsFe^APtoa 


26 


b) 


300 


35.5 


NiaoFea) 


NiaoFeao 


(CoTsFeasWPtos 


(C075F ea^oQ&Ptoz 










350 


18.9 










(ODTsFea^gsAPtoaMni 


(CoTsFea^APtoaMns 






400 


15.1 










(C075F eaf)973Pto.7Mna 


(Co7&Fea5)a9flPtoaMnio 






r.t. 


22.2 


















260 


34.1 










(C075Fe26)99.7Pt03 


(CoTsFea^ejPtoa 


27 


b) 


300 


35.7 


NiaoFea) 


NiaoFeao 


(Co75Fea^9o.7Pto3 


(CoTsFeaa^TPtoa 










350 


35.5 










(C075F e25>9aaPto3Mno5 


(CoTBFea^vPtosMru 






400 


32.2 










(C075F ea^sPtoaMnia 


(Co75Fe25)90.7Pt03Mn9 






r.t. 


20.6 


















260 


33.3 










(ComFea^Pfe 


(C07&Fe2^97Pt3 


28 


b) 


300 


34.4 


NiaoFeao 


NiaoFeao 


(CoTsFea^Pfe 


(CoTsFea^rPfe 










350 


35 










(CoTsFeas^aPtaMnoa 


(CoTsFea^gsiPtaaMni 






400 


34.9 










(0>rfe25)95.4PfeMni J s 


(CoTsFea^agaPtaBMna 
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[0050] continued 

[Table 7] continued 



TABLE 4d)2 



No. 


type 


Heat 
temperature 

eo 


MR 

(%) 


Comp osition 
1 


Composition 
2 


Composition 3 


Composition 4 


Composition 5 


Composition 6 






r.t. 


20.5 


















260 


33.5 










(CoTsFea^aBPtis 


(C075F e2&)85Ptl6 


29 


b) 


300 


35.1 


NiaoFea) 


NiaoFeao 


(CoTsFe^asPtis 


(C075F e^sePtis 










350 


36.5 








- 


(Co75Fe25)84£Ptl4cMn0J5 


(Co7bF e25)a33Ptl4.7Mn2 






400 


41.1 










(C075Fe2B>84iPtl4AMni 


(COT&F e25)81fiPtl4.4Mn4 






r.t 


20.4 


















260 


33.8 










(CoT&Fea^nPts 


(C075Fe25)7lPtffl 


30 


b) 


300 


34.9 


NiaaFe*) 


NiaoFe^ 


(COTBFe^TlPtffl 


(CoTsFe^TiPts 










350 


36.2 










(C07EF e2&)70jsPt283Mn05 


(C076Fe2^69BPt 2 8 k4 Mn2 






400 


36.5 










(Co75Fe25)703Pt2B.7MrU 


(C075Fe25)68iJ^AMn4 






r.t. 


15.3 


















260 


29.5 










(Co7&Fej^)4iPtffi 


(C075Fe2^4lPte 


31 


b) 


300 


31.1 


NiaoFeao 


NiaoFeao 


(C07&Fe25)4lPtffl 


(C075Fe25)4lPt69 










350 


33.2 










(C075F e2&)4oaPt«a7Mno5 


(CO75Fe2s)40£Pt67AMn2 






400 


30.2 










(C075F e2s)40j6Pt5a.4Mni 


(C075F e25>39.4Pt#J.6Mn4 






r.t. 


12.4 


















260 


15.2 










(Co7&Fe25)3aPte2 


(Co76Fe2^3aPte 


32 


b) 


300 


16.8 


NiaoFea) 


NiaaFea) 


(Co7sFe2^3aPt^ 


(Co76Fe 25 )3aPte2 










350 


14.6 










(C075F e2^37APta.7Mno5 


(C075F e2&>37iPtG0AMn2 






400 


12.1 










(C075F e25>37BPt6a.4Mni 


(Co75Fe2s)3a5Pte9j5Mn4 
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[0051] 

The samples 1 to 8 in Table 4a) indicate that the addition of 0.3 to 60 
at% Pt improves the MR characteristics after heat treatment at 300°C or 
more as compared with the sample that does not include Pt. In particular, 
5 the MR characteristics after heat treatment at 300°C or more tend to be 
improved by adding Pt in an amount of about 3 to 30 at%. The same 
tendency can be confirmed in each of the cases where Co7sFe25 in Table 4a) is 
replaced by Co9oFeio, CosoFeso, Ni6oFe4o or Fe5oCo2sNi25, where NisoFe2ois 
replaced by sendust or CogoFeio, and where Pt is replaced by Re, Ru, Os, Rh, 
10 Ir, PdorAu. 
[0052] 

The samples 9 to 16 in Table 4b) indicate that the addition of Pt and 
Pd in a ratio of 2 : 1 in a total amount of 0.3 to 60 at%, particularly 3 to 30 
at%, improves the MR characteristics after heat treatment at 300°C or more 

15 as compared with the sample that does not include Pt and Pd. 

The same tendency can be obtained when the ratio of the elements 
added is changed from 2 : 1 to 10 : 1, 6 : 1, 3 : 1, 1 : 1, 1 : 2, 1 : 3, 1 : 6, or 1 : 
10. Moreover, the same tendency can be obtained by replacing Pt of (Pt, 
Pd) with Tc, Re, Ru, Rh, Cu or Ag and replacing Pd with Os, Ir or Au, i.e., a 

20 total of 28 combinations of the elements including (Pt, Pd). Further, the 
same tendency can be obtained in both cases where Ni6oFe4o is replaced by 
Co75Fe25 or FesoCo25Ni25 and where NisoFe2o is replaced by sendust or 
CogoFeio. 
[0053] 

25 The samples 17 to 24 in Table 4c) indicate that the addition of Ir, Pd 

and Rh in a ratio of 2 • 1 • 1 also improves the MR characteristics, like 
Tables 4a) and 4b). The same tendency can be confirmed when Ir is set to 1 
and the contents of Pd and Rh are each changed in the range of 0.01 to 100. 
Moreover, the same tendency can be obtained in both cases where CogoFeio 

30 is replaced by NisoFe2o, Ni6sFe25Coio or Co6oFe2oNi2o and where Co75Fe25 is 
replaced by CosoFeso, Fe6oNi4o or FesoNiso. 

Further, the same tendency can be obtained by using the following 
combinations of the elements* (Tc, Re, Ag), (Ru, Os, Ir), (Rh, Ir, Pt), (Pd, Pt, 
Cu), (Cu, Ag, Au), (Re, Ru, Os), (Ru, Rh, Pd), (Ir, Pt, Cu), and (Re, Ir, Ag). 

35 [0054] 

The samples 25 to 32 in Table 4d) have the same tendency as that in 
Tables 4a) to 4c). Some samples show that Mn is diffused from the 

30 
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antiferromagnet after heat treatment. However, the Mn diffusion can be 
suppressed by adding Pt. This indicates that the addition of Pt makes it 
possible to control the concentration of Mn at the interfaces of the 
non-magnet. The same tendency can be obtained by replacing Pt with Tc, 
5 Ru, Os, Rh, Ir, Pd, Cu or Ag. Moreover, the same tendency can be obtained 
by modifying the ferromagnets to the above compositions. 



31 



[0055] 

[Table 8] 

TABLE 5aM 
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Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 
vw 


MR 

(%) 


Composition 
1 


Composition 2 


Composition 3 


Composition 4 


Composition 5 


Composition 6 






r.t. 


22.9 


















260 


34.1 










CoTsFess 


Co7&Fe25 


33 


b) 


300 


34.3 


CogoFeio 


CogoFeio 


CogoFeio 


CoTsFeas 










350 


23.5 










(Co7&Fe25)9aMni 


(C075Fe26)95lVIn5 






400 


10.4 










(Co75Fe25)9aMn2 


(Co76Fe25)9oMnio 






r.t 


22.8 


















260 


34.3 










(Co76Fe25)ggaReo.i 


C075Fe25 


34 


b) 


300 


34.7 


CogoFeio 


(Co9oFeio)sgaReo.i 


(Co9oFeio)99aReo_2 


(CoT^ea^aReo.2 










350 


23.4 










(Co7BFe2g)99ReoiMno3 


(CoTsFeaafeeMns 






400 


11.8 










(CoT&FeasWReoiMniA 


(Co75Fe25)goMnio 






r.t. 


21.9 


















260 


33.6 










(C075F e2&)s9B5ReoiB 


C076Fe2B 


35 


b) 


300 


34.5 


CogoFeio 


(CogoFeio)g9£5Reo.i5 


(CogoFeio)99.7Reoj3 


(Co7&Fe25)99.7Re03 










350 


35.1 










(C075F ea^ggosReoieiMnoa 


(Co75Fe2&)g5Mn5 






400 


33.6 










(C075F e2&)9825Reoi5Mni£ 


(CoT&Fea^goMnio 






r.t. 


20.5 


















260 


32.7 










(Co75Fe25)g85rvei£ 


C075F e25 


36 


b) 


300 


33.9 


CogoFeio 


(CogoF eio)g8£Rei£ 


(CogoFeio^Rea 


(Co75Fe25)g7Re3 










350 


35.2 










(C075F e2s)97aReo isMno.? 


(Co?5Fe25)g5Mn5 






400 


35.3 










(Co75Fe25fe7jRei£Mni.4 


(C075F e2&)9oMnio 
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[0055] continued 

[Table 8] continued 



TABLE 5a)-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 


MR 

(%) 


Composition 
1 


Composition 2 


Composition 3 


Composition 4 


Composition 5 


Composition 6 






r.t. 


20.1 


















260 


30.7 










(C07BFe25)926Re7j5 


C07BFe25 


37 


b) 


300 


33.4 


CogoFeio 


(CogoFeioWle™ 


(Co9oFeio)a5Rei5 


(C075F ea^asReiB 










350 


35.3 










(CotbF ©2&)92Re7j5Mno£ 


(Co76Fe2^95Mn6 






400 


37.6 










(C075F es&feifiRerAMni 


(Co76Fe25)9oMnio 






r.t. 


22.4 


















260 


32.9 










(C075F e2&)a5sRei4£ 


COT5Fe25 


38 


b) 


300 


34.3 


CosoFeio 


(C090F eia)«x&Rei4J5 


(Co9oFeio)7iRe29 


(CoT&Fea^TjKe^ 










350 


35.1 










(C075F e25)aejRei4.4Mno£ 


(C075Fe25)95Mn5 






400 


35.1 










(Co75Fe2s)84j6Rei4.4Mni 


(C075F e25>9oMnio 






r.t. 


18.3 


















260 


31.2 










(C075F e2&)70&Re295 


C075Fe25 


39 


b) 


300 


32.6 


CosoFeio 


(Co9aFeio)70fiRe29fi 


(Co9oFeio)4iRe6e 


(Co75Fe2^4iRe59 










350 


33 










(Cb7&Fe25)70jRe29.4Mno£ 


(CoTBFesaJseMns 






400 


32.5 










(Co7&Fe2^9fRe29^Mni 


(CoTsFeasfeoMmo 






r.t. 


13.8 


















260 


24.9 










(CoT&Fe^eaReai 


C075Fe25 


40 


b) 


300 


26.2 


CogoFeio 


(Co9aFeia)GsRe3i 


(Co9oFeio)3aRe62 


(C075Fe26)38Re62 










350 


15.4 










(C075F e2B)ea7Re30AMno£ 


(Co75Fe25fe5Mn5 






400 


9.7 










(Co7&Fe25)683Re3o.7Mni 


(C075F e^goMnio 
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[0056] 

[Tkble 9] 



TABLE 5b)- 1 



Sample 
No. 


Element 
type 


treatment 
temperature 

rO 


MR 

(%) 


Composition 
1 


Composition 2 


Composition 3 


Composition 4 


Composition 5 


Composition 6 






r.t. 


18 


















260 


37.8 














41 


Q> 


300 


40.3 


NiaaFeao 


NiaoFeao 


NieoFe4o 


NimFe4o 


Co7oFe3o 


Co 






350 


24.6 


















400 


12.2 


















r.t. 


16.8 


















^ 260 


36.5 










(CoToFeaQ^aOso^ 


CososOso^ 


42 


q) 


300 


37.7 




(NiaoF e2o)99aRuo i 


(NieoF e4c)99ARuo2 


(NieoFe^BOso^ 










350 


25.4 










(C^7cFe3a)seOscL2MnoB 


CoQ&aOsoaMni 






400 


12.9 










(Co7oFe3o)980scL2Mni^ 


CogoaOso^Mng 






r.t. 


16.5 


















260 


36.4 










(Co7oFe3c)s9.70so3 


C09&70S03 


43 


q) 


300 


38.1 


NisoFeao 


QsIiaoFe2Q)99£6Ruai6 


(^ReoFe4a)sa7Ruo3 


(NieoFe4o)99.70so3 










350 


35.9 










(Co7aFe3o)9a30soj3MnoB 


Co9&70so3Mn4 






400 


30.5 










(C070F e3o>97sOso3Mni^ 


Co9Q70so3Mns 






r.t. 


16.3 


















260 


35.1 










(C070Fe3Q)97OS3 


CosrOsa 


44 


c) 


300 


35.9 


NiaoFea, 


(NiaoFe2o)98fiRui5 


(NimFe^Rua 












350 


38.2 










(Cd7oFe3c)9630s3Mno.7 


Co9a30s2aMn3B 






400 


37.9 










(C070F e3o)95.40s2aMni .7 


CoaasOs^Mn&a 
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[0056] continued 

[Table 9] continued 



TABLE 5b)-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 
vw 


MR 

\/o) 


Composition 
1 


Composition 2 


Composition 3 


Composition 4 


Composition 5 


Composition 6 


45 




r.t. 


15.5 


NiaoFeao 


CNiaaFeatfeRuTfi 


(NimFe4Q>85Rui6 


CNieoFe4o)a50si5 


VLX)70r e30/86USl6 


Co8bOsib 


260 


30.6 


300 


32.3 


350 


35.4 


(C070F e3a)s4j60si4sMno5 


C08L90si45Mn3i5 


400 


38.3 


(CotoF eac)83sOsi4aMni3 


Co77sOsi3.7Mna.4 


46 




r.t. 


17.6 


NisaFeao 


(NUoFe2Q)8B6Rui45 


(NifiaFe4o)7iRus 


(NifiaFe4o)7iOs29 


(CO70Fe3Q)7lOS2) 


C07l0s29 


260 


32 


300 


33.1 


350 


34.3 


(Co70Fe30)70j6Os2&9Mn0j6 


C06&40S28M036 


400 


35.1 


(C070F e3o)7oiOs2&6Mni3 


C06BOs23j6Mn&4 


47 


q) 


r.t. 


11.7 




(NisaFeao)7DfiRu2a5 


(NiaoFe4o)4iElue9 


(NieoFe4o)4iOsffi 


(Co7oFe3o)4iOsm 


C04l0s69 


260 


30.3 


300 


32.4 


350 


32.2 


(Co7oFe3o)40BOs6a7Mnofi 


Co3a50se6aMn36 


400 


30.8 


(CO70Fe30)405Os6a2Mhl3 


C037.60s64Mna.4 


48 




r.t. 


9.5 


NUaFesw 


(NiaaFeaaJeaRual 


(Nia>Fe4a>3aRu S! 


(NieoFe4Q^80se2 


(CotoFgqc^Os^ 


CoaaOsea 


260 


15.2 


300 


18.1 


350 


15.6 


(CotoF Sx)37BOs6L7MQ0fi 


Co36eOse9AMn3j6 


400 


11.7 


(COTOF e3Q>37fiOs61i2Mni3 


Co34aOseaaMna4 
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[0057] 

[Table 10] 



TABLE 5q>-1 



Sampl 
No. 


Eleme 

nt 
type 


Heat 
treatment 

CCD 


MR 

(°/q) 


Composition 1 


Composition 2 


Composition 3 


Composition 4 


Composition 5 


Composition 6 






r.t. 


21.7 


















260 


36.3 










CoTsFea 


CosoFeio 


49 




300 


38.1 


CosoFeio 


CosoFeio 


CosoFeio 


CoTBFejB 










360 


24.5 










(CoxFe2B)seMni 


(CoTeFe^ssMns 






400 


11.6 










(C0T5Fe2E)s8Mn2 


(CoTsFez^soMnio 






r.t. 


22.2 


















260 


35.4 










(CoT&Fe^sasPtaiCuai 


(CoTsFe^saaPUiiCuai 


50 


c> 


300 


36.8 


CosoFeio 


CosoFeio 


CosoFeio 


(CoTBFezfiJgasPtaiCuQi 










350 


22.3 










(CbxFe2^saePtQiCiiaiMni 


(CotbF e2&>9i8PtaiCuaiMn5 






400 


13.2 










(CoBFe2^97^PtaiCuoiMn2 


(CobF e2s)flasPtaiCuaiMn id 






r.t 


21.9 


















260 


35.1 










(CoTBFe^savPtaisCua » 


(CoT5Fe2£)9a7Ptai5Cuai5 


51 


6) 


300 


36.6 


CosoFeio 


CosoFeio 


CosoFeio 


(Co^Fe2^9a7Ptai5Cua i 






350 


35.4 


6 


(CoTsFe^sasFtaisCuaiBlVtios 


(Co»Fe2^9t9ptoj5CuQ isMnt 

8 






400 


33.8 










(CoT5Fe2^97sPtai5Cua lelVfri ls 


(CoT5Fe2&)9a. lPtaisCua lsMna 

6 






r.t 


20.2 


















260 


32.8 










(CoTBFezsJgrPtLsCuLs 


(COTBFe26)97PtL6CuL5 


52 


c) 


300 


35.3 


CosoFeio 


CosoFeio 


CosoFeio 


(CoT5Fe2s)97Ptl£CuL5 










350 


37.7 










(CotbF e2^9S2FtifiCu l^Mnos 


(CoT5Fe2^9Z5Ptl5Cu uMfUS 






400 


38.1 










(CoxF e^sadPtiBCu i&Mn lg 


(CoTBFe^aaiPtwCu LsMnse 
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[0057] continued 

[Table 10] continued 



TABLE 5c)-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 
CC) 


MR 

(%) 


Composition 
1 


Composition 
2 


Composition 
3 


Composition 4 


Composition 5 


Composition 6 






r.t 


19 


















260 


31.6 










(C0T5Fe2^a5Pt7£Cu7£ 


(C0T5Fe25)aPt7£Cu7£ 


53 


q) 


300 


34.5 


CogoFeio 


CogoFeio 


CogoFeio 


(C0T&Fe2^»Pb7£Cu75 










350 


38.9 










(CoT5Fe2^«fiFV75Cu7fiMnaB 


(C076Fe2^816Pt72Cu72Mn4 






400 


41.3 










(C0TBFe2^812Pt7>lCu74Mni 


(C075Fe25)7a2Pt69CU69Mns 






r.t 


15.8 


















260 


31.2 










(C0TBFe2^7lFtl46Cui4B 


(C0T5Fe2^7lPtl45Cui45 


54 


d> 


300 


32.7 


CogoFeio 


CogoFeio 


CogoFeio 


(C0TBFe2E)7lPtl46Cui45 










350 


37.1 










(C)O75Fe2^TD.7ptl44Cui4.4Mn05 


(C0-35F e2s)fa2Pt laaCu iaaMru 






400 


36.8 










(Q5T5Fe2^7a2Ptl4.4CuU4Mni 


(C0T5Fe2^6&4Ftl33CUB3Mn8 






r.t. 


15.4 


















260 


31 










(C0T5Fe2^4lFt29£CU2g6 


(C0T5Fe26)4lPt296Cu2Sl5 


55 


c> 


300 


32.6 


CosoFeio 


CogoFeio 


CogoFeio 


(CorsF e25)«Pt295Cu295 










350 


35.1 










(Cot&F e26)4asPt2a4Cu293Mnni5 


(CWFe^o^PtiagCuiaglVfru 






400 


33.8 










(CotbF e2fi)4i6Pt2a2Cu2a2Mn 1 


(C0TBFe2fi)37.7Pt272Cu27. lMna 






r.t. 


11.8 


















260 


24.9 










(C075Fe2^>38PtaiCU31 


(CoTBFe^asPfeiCusi 


56 




300 


24.7 


CogoFeio 


CogoFeio 


CogoFeio 


(C0T5Fe2^38Pt3lCu31 










350 


14.9 










(CotbF e25)37sPtaa8Cu3a8Mna6 


(Ck>^e2^3&4Pt2afiCii2gL8Mn4 






400 


10.5 










(CoT5Fe2^37.6PtaQ7Cu3Q7Mn 1 


(Cb^e2^3Bpb285Cu285Mns 
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[0058] 

[Table 11] 



TABLE 5dM 



Sample 
No. 


Element 

type 


Heat 
treatment 
temperature 


MR 

(%) 


Composition 
1 


Composition 
2 


Composition 
3 




vJonjposition 


fiimn fvci ft 






r.t 


12.7 


















260 


28.4 








Fe 


CoTsFea 


C075Fe2B 


57 




300 


29.3 


MaoFeao 


NboFeaj 


Fe 










350 


18.9 










(CoTsFe^goMni 


(CoT&Fea^gsMns 






400 


15.1 








FegaaMno.2 


(Co75Fea)9aMn2 


(Co7bF e2^9oMnio 






r.t. 


12.7 


















260 


28.2 










Co7&Fe25 


COT5Fe25 


58 


d> 


300 


29.7 


NiaoFeao 


NUoFeao 


FegQ&Ptoii 










350 


19.3 










(Co76Fea5)ffiMni 


(CoTsFeasfesMns 






400 


15.4 








FeggjsPtoaMnoij 


(Co7&Fea)9aMn2 


((^T&Fea^goMnio 






r.t. 


12.5 


















260 


27.1 








FesmPtos 


C07BFe25 


Co7&Fe25 


59 


G> 


300 


29.4 


NUoFeao 


NUoFeao 


Feg9.7Pto3 










350 


27.2 










(Co75Fe25feaMni 


(Co7&Fe25)96Mn5 






400 


29 








FesasePtoaMnais 


(Co7&Fe2&>9aMn2 


(Co75Fe2s)9oMnio 






r.t. 


12.3 


















260 


26.5 








FegzPfe 


C075Fe25 


CoT^Fea 


60 




300 


26.8 


NisoFea) 


NiaoFea) 


FegyPfa 










350 


28.7 










(CoTsFeaaJsoMni 


(CoTsFe^iWVrns 






400 


30 








FegeaPtaMnoi 


(CoTBFea^aMna 


(Co75Fe25)9aMnio 
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[0058] continued 

[Table 11] continued 



TABLE 5d)-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 

(°o 


MR 

(%) 


Composition 
1 


Composition 
2 


Composition 
3 


Composition 
4 


Composition 5 


Composition 6 






r.t. 


12.4 


















260 


23.9 










C075F e2s 


CoT&FesE 


61 


cD 


300 


25.1 


NiaoFeao 


NiaoFea) 


FeasPtm 


FeaePtiB 










350 


30.4 










(Co7&Feas)99Mni 


(C07&Fe25)96Mn5 






400 


37 










(Co75Fe25)9aMn2 


(C075F eaOsoMnio 






r.t. 


11.9 


















260 


25.1 










CoTsFea 


Co?BFe25 


62 


Q> 


300 


27.8 


NiaoFe* 


NiaoFea) 


Fe7lPt29 


FeviPt© 










350 


29.1 










(Co7&Fe25)9QMni 


(C075Fe2B)96Mn5 






400 


33.4 










(Co7&Fe25)g8Mn2 


(C075F e2&)goMnio 






r.t. 


11.5 


















260 


24.9 










Co7&Fe25 


Co7sFe25 


63 


q> 


300 


27.4 


NiaoFeao 


NiaoFea 


Fe4iPtsj 


Fe4iPtffi 










350 


27.6 










(CoTsFea^goMni 


(Co7&Fe2s)95Mn6 






400 


29.4 










(Co75Fe2&)98Mn2 


(C075F e25)ooMnio 






r.t. 


10.3 


















260 


21 










Co7&Fe25 


Co7&Fe2s 


64 




300 


22.1 


NiaoFeao 


NiaoFea) 


FessPte 


Fe3aPtea 










350 


18.5 










(CoTsFea^Mni 


(Co75Fe25)96Mn5 






400 


15.9 










(CoTsFea^aMna 


(Co7&Fe25)9oMnio 



2001 192217 



[0059] 

Table 5a) shows the result of the case where Re is added to the 
vicinity of the interface in high concentration. In this case, similarly to the 
case of Table 4), increase of the MR characteristics after the heat treatment 
5 can be found, particularly when Re has a concentration of 3 to 29 at%. 
However, this effect can be obtained only in the case of adding Re at the 
interface between the ferromagnet and the non-magnet. Whereas, Re is 
not added to the vicinity of the interface with antiferromagnet, the Mn 
diffusion is not suppressed here. It is also obvious that, in the case of the 

10 type of the combination with the antiferromagnet, when control of adding of 
Mn and Cr is combined with to the additive effect with regard to the 
interface, a more useful effect as elements can be obtained. Here, the same 
tendency can be obtained by replacing Re with Ru, Os, Rh, Ir, Pd, Pt, Cu, Au 
or the like. Moreover, the same tendency can be obtained by modifying the 

15 ferromagnets to the compositions used in Table 4). 
[0060] 

In the samples shown in Table 5b), another element is added to both 
sides of the non-magnet. This can provide the same effect as well. 
Moreover, the same effect can be obtained by replacing Ru in Table 5b) with 
20 Tc, Re, Rh, Ir, Pd, Pt, Ag or Au and replacing Os with Tc, Re, Rh, Ir, Pd, Pt, 
Cu or Au. The modification of the ferromagnets to the compositions used in 
Table 4) also can provide the same tendency. 
[0061] 

In the samples shown in Table 5c), Pt and Cu are added only to one 
25 of the interfaces of the non-magnet. This can provide the same tendency as 
well. Moreover, the same tendency can be obtained by replacing (Pt, Cu) in 
Table 5c) with Tc, Re, Rh, Ir, Pd, Pt, Ag, Au, (Ru, Ir), (Pt, Pd), (Pt, Au), (Ir, 
Rh), (Ru, Pd), (Tc, Re, Ag), (Ru, Os, Ir), (Rh, Ir, Pt), (Pd, Pt, Cu), (Cu, Ag, Au), 
(Re, Ru, Os), (Ru, Rh, Pd), (Ir, Pt, Cu) or (Re, Ir, Ag). The modification of 
30 the ferromagnets to the compositions used in Table 4) also can provide the 
same tendency. 
[0062] 

Tables 5d) to 8a) show the results obtained when Mn and Pt are 
added. Table 5d) corresponds to the addition of Mn in an amount of zero 
35 at%. Tables 6a) to 8a) show the results of a change in amount of Pt 

according to the addition of Mn in an amount of 0.2, 0.5, 1, 2, 5, 8, 12, 19 or 
22 at%. 

40 
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[0063] 

[Table 12] 



TABLE 6a)- 1 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 


MR 

(%) 


Composition 1 


Composition 2 


Composition 
3 


Composition 4 


Composition 5 


Composition 6 






r.t. 


12.6 


















260 


28.5 








Fegg&Mnojj 


(Co7BFea^s9AMno^ 


(C075Fe2^99BMna2 


65 




300 


29.1 


(NboFe2o)99£Mno.2 


(NiaoF eaa)99sMnoj2 


FesgsMnos 










350 


18.9 










(Co75Fe2&WVhii.2 


(Co7BFe25WMn6^ 






400 


15.1 






• 


FeaasMno.4 


(Co76Fe2s)ff7AMni2 


(Co75Fe2&)a9AMnia2 






r.t. 


12.8 


















260 


28.4 








FeggjsPto^Mno^ 


(CoTsFea^gQANfoo^ 


(C075F e2&)g9aMno^ 


66 




300 


29.1 


(NiaiFeaoWMnos 


(NiaoFeaa^sMnos 


FeggfiPto^Mno^ 










350 


19.5 










(C07BFe25)98AMnii! 


(C075F ea^aMns^ 






400 


15.6 








Fes9.4PtoiMno.4 


(C07BFe2B)g7AMni2 


(Co75Fe25)a9AMnio5 






r.t. 


12.7 


















260 


27.4 








Fes9j5Pto3Mno^ 


(Cot&F eaoWMnos 


(Co7BFe25>99AMn0i 


67 




300 


30.1 


(NiaoFe2c)99AMno^ 


(NiaoF e2a)s9BMnoj> 


FegQjsPtoaMnoiJ 










350 


29.5 










(Co7&Fe2&)9aAMni^ 


(Co7BFe2&)aisMn&2 






400 


33.4 








Fe9936Pt03MllO36 


(Co7&Fea^7AMni2 


(Co75Fe2s)a9sMnio2 






r.t. 


12.5 


















260 


27 








Fe97Pt2aMno5 


(C075F e2^AMno.2 


(CO75Fe25>99AMn0^ 


68 


d 


300 


28.9 


(NiaoFe2o)99BMno^ 


(NisoF emksaMno2 


Feg7Pt2aMno^ 










350 


33.6 










(Co7?iF cosWMni^ 


(C07BFe25)94AMn&2 






400 


36.7 








FegesPtaaMnos 


(CoT&Feas^AMn^ 


(C075F e2&)89AMnio2 
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[0063] continued 

[Table 12] continued 



TABLE 6a)-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 

TO 


MR 

(%) 


V-Xji 1 1J- J yJ^ii UULL J. 


Composition 2 


Composition 
3 


Composition 
4 


("ViTTTTJrt'st'Hrt'n 

V_ A.,1 J I l^_7V_>Ol 1.1 A./ 1 J LV 


("ViTirnnRitifvn fi 






r.t. 


12.1 


















260 


25.3 










(C07EF e25>9QAMnO-2 


(C075F e^hQ^Mno^ 


69 


Q) 


300 


29.9 


(Ni8oFe2o)s9BMno^ 


(NiaoFe2o)99aMnoj2 


FesBPtwaMnoi 


FeaePti-LaMno^ 










350 


34.2 










(CoTsFeaWvIni^ 


(C07BFe2&)94BMn5^ 






400 


39.6 










(C076Fe25)97AMna2 


(Co7&Fe25>a9sMnio2 






r.t. 


11.8 


















260 


25.3 










(Co75Fe2^99AMno^ 


(Co7&Fe25fe9AMno^ 


70 


c) 


300 


27.4 


(NiaaFe2a)99£Mna2 


(NiaaFeac^QAMno^ 


Fe7iPt28AMno^ 


FenPt2aaMnoj2 










350 


31.8 










(CoTsFe^oa&Mni^ 


(C076Fe2^94AMn&2 






400 


37.9 










(C07sFe25)97AMn22 


(C075F e25^89AMni02 






r.t. 


11.4 


















260 


25.1 










(Co7BFe25>99AMno^ 


(Co76Fe25)s9AMnoi> 


71 


Q> 


300 


27.1 


(NiaoF e2ahosMno2 


(NUaFe2o)99AMno^ 


Fe4iPtcaaMna2 


Fe4iPt6asMno^ 










350 


28.5 










(CoTsFea^oaaMni^ 


(Co75Fe25WMn6 L 2 






400 


34.2 










(C075Fe2B)97BMh22 


(C075F e^saaMnio^ 






r.t. 


10.5 


















260 


20.5 










(CoTsFe^aMno^ 


(C075F e2&)s9AMno2 


72 


c) 


300 


22.3 


(NiaoFe2o^9&Mno^ 


(NiaaFe2o)99BMno2 


Fe3aPteiaMno_2 


Fe3aPtei&Mno^ 










350 


18.7 










(C075F e25WaMni2 


(Co75Fe2^»iBMn&2 






400 


16 










(C075F e2s)97AMn22 


(C075F e^aaaMnios 
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[0064] 

[Table 13] 



TABLE 6b)-l 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 

cw 


MR 

(%) 


Composition 1 


Composition 2 


Composition 
3 


Composition 4 


Composition 5 


Composition 6 


73 


Q> 


r.t. 


12.8 


(NisoF e2c)sGfiMnoj5 


(NiaoF eai)s9fiMno£ 


Fes9£Mno£ 


FegQ&Mnas 


(C075F e2&)99J5Mn05 


(Co?BFe2&)99BMn0j5 


260 


28.6 


300 


28.9 


350 


19.5 


(C075Fe25)98J6Mnifi 




400 


15.6 


Fe993Mno.7 


(Q)75Fe25)97BMn25 


(C075F e25)89fiMni0.4 


74 


Q> 


r.t. 


12.7 


(NiaoF eao>99fiMno5 


(NiaaF e2o)g9 J 5Mno5 


Fe99aPta2Mna5 


Fes93Pto2Mno£ 


(Co76Fe25)99^Mn0£ 


(CO75Fe2B)g9fiMn0£ 


260 


28.6 


300 


29.5 


350 


19.7 


(C07&F ea^asMnifi 


(C075Fe2B)94JsMn&5 


400 


15.7 


Fes9iPto2Mno.7 


(Co76Fe25^fiMn26 


(C075F e25)89fiMni0.4 


75 


c> 


r.t. 


12.4 


(NiaoFe2o)sGfiMno£ 


(NiaoF eac^gesMnoii 


Fegg^PtoaMnos 


Fe99^Pto3Mno£ 


(C075F ©25)996MnO£ 


(C075F e25)99£Mn05 


260 


27.1 


300 


29.9 


350 


28.4 


(Co 7 6Fe25WMni5 


(C075Fe25)945Mn66 


400 


30.8 


FegaPto3Mno.7 


(C075F ea^sMnas 


(C075F e25)aojsMnio.4 


76 




r.t. 


12.8 


(NboFe2Q)99BMno£ 


QSfiaoFeao)99fiMno J B 


Fe97Pt2sNfo05 


Fe97Pt25Mno£ 


(CoTsFe^sMno^ 


(C075F (ZzkeMnoB 


260 


27.6 


300 


29.4 


350 


34.4 


(C075F e2&WMnis 


(C076Fe25)»U5Mn5j6 


400 


37.7 


Fe9aa5FWVlnoj66 


(Co7&Fea^75Mn25 


(C075F e^)a9j6Mnio.4 
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[0064] continued 

[Table 13] continued 



TABLE 6b)-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 

ecu 


MR 

(%) 


Composition 1 


Composition 2 


Composition 
3 


Composition 4 


Composition 5 


Composition 6 


77 


c) 


r.t. 


13.1 


(NiaoFe2o)99BMno5 


(NiaaFe2c)99j&MnojB 


Fea6Pti45Mno£ 


Fea6pti4£Mno5 


(ComFeso^ fiMnoe 


(Co , reFe25)99j6Mno J 5 


ZoU 


9fi 7 


onn 

ouu 


^1 9 


350 


38.4 


(ComFea^sMnis 


(Q>75Fe25>94sMn5u5 


400 


42.4 


Fe84sPti4^3VInojs 


(C075Fe25)976Mn25 


(C075F e2s)s9sMnio.4 


78 


c) 


r.t. 


12.1 




(Nl anl^P crilcM kNTti n k 




FeTLPt285Mn05 


^LX)7&T e2B^J5lVln05 


VLX)75T e26^J5lVin0j5 


260 


25.5 


300 


27.1 


350 


37 


(ComF e^asMnis 


(C075F es^fiMnsf. 


400 


42.1 


(C075Fe2B)»7J5Mn2£ 


(C07&F e2&)a9BMnio.4 


79 


Q> 


r.t. 


11.6 


(NisaFeaci^sMno^ 


(NisaF e2o)99BMno J 5 




Fe^PtsasMnojs 


(Co7BFe 2 5)996Mno J 5 


(Co7BFe26)99fiMno£ 


260 


24.9 


300 


26.8 


350 


33.8 


(C075Fe25)986Mni J 5 


(C07BFe26>94J5Mn5£ 


400 


39 


(C075Fe25)976Mn25 


(Co7&Fe25)a9jsMnio. 4 


80 


c) 


r.t. 


10.4 


(NiBoFe 2 Q)99J5Mno J 5 


(NisoFe2o)g9J5Mnoj5 


FesaPteiBMno^ 


FesaPteifiMnaB 


(Co76Fe26)996Mno J 5 


(Co7bF e2&)s9£Mno£ 


260 


19.9 


300 


22.5 


350 


19.5 


(C076Fe2&)98J5Mni£ 


(C075Fe2^94J5Mn5£ 


400 


16.5 


(Co75Fe25b7jsMn2£ 


(Co75Fe25)a9jsMnio.4 
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[0065] 

[Table 14] 



TABLE 6c)- 1 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 


MR 

(%) 


Composition 1 


Composition 2 


Composition 
3 


Composition 4 


Composition 5 


Composition 6 






r.t. 


12.7 


















260 


28.4 








FeseMni 


(CoT&FezDsoMni 


(CoT&Fea^goMni 


Ol 

81 


A 

<y 


300 


28.6 


(NiaxFeaofeoMni 


UNiaar eay99lVtni 


XT' Tl «■ 










350 


18.9 










(Co7aFe2&)9&Mn2 


(Co75Fe25WiMn5j9 






400 


15.1 








FesoaMni^ 


(CoTsFe^Mna 


(Co75Fe26)a9iMniofl 






r.t. 


12.5 


















260 


28.3 








FegaAPto^Mni 


(Co7&Fe25)9QMni 


(Co75Fe2&)9aMni 


82 


c) 


300 


29.6 


/XT" XT' \ TV>T_ 


UNiaar eaV9alVlni 


FeaaAPto^Mni 










350 


19.09 












(C075Fe25>94jMn & S 






400 


15.3 








Fe98j6PtoJVIni.2 


(Co7&Fe25>97Mn3 


(Co75Fe25)a9jMnios 






r.t. 


12.1 


















260 


26.9 








Fe98. 7 Pto3Mni 


(Co75Fe2^99Mm 


(Co75Fe25)ssMni 


83 


d> 


300 


29.5 


CNiaoFe2o)seMni 


(NiaaFe2o)99Mni 


Fega7Pto3Mni 










350 


27.4 










(Co7&Fe26)98Mn2 


(C075Fe2&)&uMll5S 






400 


28.8 








FegssPtosMni^ 


(C07BFe25)97Mn3 


(C075F e2&)a9jMnio3 






r.t. 


12.5 


















260 


27.4 








Fe»7Pt2Mni 


(Co7&Fe25)seMni 


(Co7BFea5)99Mni 


84 


q) 


300 


29.6 ( 


(NiaaFe2Q)99MQi 


(NiaoFea^gaMm 


Fe97Pt2Mm 










350 


33.3 










(Co7&Fea5)98Mn2 


(Co75Fe25WiMn&9 






400 


36.2 








Fe96^&PteMni.i5 


(Co7&Fe2^Mn3 


(Co75Fe2s)89iMnios 
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[0065] continued 

[Table 14] continued 



TABLE 6d-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 
(°C) 


MR 

(%) 


Composition 1 


Composition 2 


Composition 
3 


Composition 
4 


Composition 5 


Composition 6 






r.t. 


13.3 


















260 


26.8 








FeasPtuMni 


(CoTsFe^soMni 


(Co75Fe26>seMni 


85 


c) 


300 


31.5 


(NiaoFeaoWVIni 


(NiaoFea^VIni 


FeasPtuMm 










350 


39.1 










(Co?5Fe25)98Mn2 


(C07&F easWiMnss 






400 


43.8 








Fea43Pti4Mni.i 


(CoTsFea^Mns 


(C075F ezDaaiMmos 






r.t. 


12.1 


















260 


25.6 










(CoTsFeasJaaMni 


(Co7&Fe^)ssMni 


86 


d) 


300 


27 


(NUoFe2o)99Mni 


(NiaoFeaoWVIni 


Fe7iPt2aMni 


FeTiIWvmi 










350 


37 










(Co7&Fe2sWVln2 


(C07&Fe2B)94jMn53 






400 


42.4 










(CoTsFe^Mna 


(C075F e2&)^iMnioi3 






r.t. 


11.7 


















260 


25.1 










(ComFe25>soMni 


(Co7&Fe2^seMni 


87 


Q> 


300 


26.9 


(NiaoFe2o)99Mni 


(NiaoFeacDgoMm 


Fe4iPtBaMm 


Fe^PtsaMm 










350 


34.8 










(Co7&Fe2s)9aMn2 


(C075F e2&)&4iMn63 






400 


39.4 










(CoT&FeaaM^Ina 


(C07&F e^saiMnios 






r.t. 


10.5 


















260 


19.8 










(Co7&Fe25)99Mni 


(Co75Fe25)geMni 


88 




300 


22.6 


(NiaoFe2o)99Mni 


(NiaoFe2o)9QMni 


FeaaPteMni 


FesaPteiMni 










350 


19.7 










(Co^Fes^lns 


(Co7&Fe25)9iiMn6s 






400 


16.6 










(CoT&Fe^Mns 


(C07&F e2s>aaiMnio.9 
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[0066] 

[Table 15] 



TABLE 6d)-l 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 

(°C) 


MR 

(%) 


Composition 1 


Composition 2 


Composition 
3 


Composition 4 


Composition 5 


Composition 6 


89 


Q> 


r.t. 


12.5 


(NiaaFe2ofeaMn2 


(NimFeaoWVLos 


Fe9&Mn2 


Fe9aMn2 


(Co75Fe2&)98Mn2 


(C076Fe25>38Mn2 


260 


28.2 


300 


28.3 


350 


18.7 


(Co7&Fe25WMn3 


(C075F easJgaxMnes 


400 


14.9 




(Co75Fe2&)96Mn4 


(C075F ea^aaaMniiB 


90 


0> 


r.t. 


12.4 


(NiaoFe2o)9aMn2 


(NiaoFe2o)9aMn2 


Fegr&PtoaMn^ 


F<a~T aTh/s oMfl o 




(COT5Fe25)98Mn2 


260 


28.1 


300 


29.1 


350 


18.9 


(CoTsFea^Mm 


(C075F e^hB^Mnea 


400 


15.1 


Fe97j6Pt02Mll£2 


(Co7&Fe25)96Mn4 


(CotbF esf^aaaMnn^ 


91 


Q> 


r.t. 


11.9 


(NisoFe2Q>9a!V[n2 


(Ni8aFe2a)9aMn2 


Fe97.7Pto3Mn2 


Fe97jPto3Mn2 


(Co7&Fe25)98Mn2 


(Co7&Fe25)oaMn2 


260 


26.6 


300 


29.1 


350 


27 


(C075Fe2fi)97MD3 


(C07BFe25)98jMci6S 


400 


28.4 


Fe97J55Pt03Mn215 


(CoTsFea^oeNicu 


(C075F ea^aasMnua 


92 




r.t. 


12.6 


(Ni8oFe2Q>9aMri2 


(NiaoFeaaWVTna 


FeosPtssMna 


FegsPt^VEm 


(Co75Fe2s)9aMn2 


(ComFe^oaMns 


260 


27.7 


300 


30.2 


350 


32.9 


(Co^Fe25)97MD3 


(CoT&Fea^gsaMnea 


400 


35.8 


FegsiPteMnai 


(Co75Fe2a)96Mn4 


(C075F e2^88^MnuB 



2001-192217 



[0066] continued 
[Table 15] continued 



TABLE 6d)-2 



Sample 
No. 


Element 
type 


Heat 
treatanent 
temperature 
V w 


MR 

(%) 


Composition 1 


Composition 2 


Composition 
3 


Composition 
4 


Composition 5 


Composition 6 






r.t. 


13.5 


















260 


27.1 










(,Co75t , e25feaMn2 


vUo75T eastealVma 


93 


q) 


300 


32.2 


(NiaaFe2a)9aMn2 


0SK«)Feaa)9&Mn2 


FeaePtiaMna 


FesBPti3Mn2 










350 


40.6 










(CoTsFe^Mna 


(CoT&FeasboMnag 






400 


46.8 










(CoT&Fea^geMn* 


(C075F ea&)88aMnu3 






r.t. 


12.4 


















260 


25.7 










(CoT^FeaWVLns 


(CoTBFeasfeaMna 


94 




300 


28.1 


ONfiaoFea^aiMrfc 


(KiaoFeaoW^ 


FeTiPtzzMna 


FeTiPtzzMna 










350 


38.6 










(Co7&Fe2s)97Mn3 


(Co75Fe2s)gaaMne9 






400 


44.5 










(COT5Fe25)96Mn4 


(C075F e25)aa2MniiB 






r.t. 


11.9 


















260 


25.5 










(Co7&Fe25)9aMn2 


(CWFea^saMna 


95 




300 


27.1 


(NiaaFe2c)gftMxi2 


(NiaoFe2Q)9aMn2 


FeuPterMna 


Fe4iPt5 7 Mn2 










350 


37 










(CoTsFea^Mm 


(CoTsFea^oMnag 






400 


42 










(Co7&Fe2&)96Mn4 


(CotbF e2&)aaaMniiB 






r.t. 


10.4 


















260 


19.9 










(CoTsFeasfesMna 


(CoTsFeasfeaMna 


96 


o) 


300 


22.4 


(NiaaFeaoJseMna 


(KUaFeaaJasMna 


FesaPteoMns 


FesaPteaMns 










350 


19.8 










(CoTsFea^Mna 


(Co75Fea^98jMn6j9 






400 


16.8 










(CoTsFea^sMnj 


(Co75Fea^8aaMnu3 



2001-192217 



[0067] 

[Table 16] 



TABLE 7a)-l 



Sample 
No. 


Element 
type 


Heat 
treatment 

CO 


MR 

\/0/ 


Composition 1 


Composition 2 


Composition 
3 


Composition 4 


Composition 5 


Composition 6 


97 


q) 


r.t. 




(NiaoFe2c)96Mn6 


(Ni3oFe2a)9&Mn5 


FeseMns 


FegsMns 


(CoTsFeasfesMns 


(CoTBFea^gsMns 


260 


28.3 


300 


28.4 


350 


18.5 


(CoTBFessWMnfis 


(Co76Fe25)903Mn9.7 


400 


14.8 


Fe&taMhe^ 


(Co7&Fe25)93 JVInes 


(C075F e2B)85fiMni4£ 


98 


Q> 


r.t. 


1 o o 


(NiaoFeaaJgeMns 


(NiaoFeajfesMns 


Fes4APtoiMn5 


FegiaPto^Mns 


(Co75Fe2s)asMn5 


(CoTsFea^sMns 


260 


28 


300 


28.9 


350 


18.7 


(CoTsFeaaWMnss 


(Co7BFe25)903Mn3.7 


400 


14.9 


r e9i6rToiiMn&2 


(Co7&Fe2&)93iMna9 


(Co7BFe2s)a56Mni<t5 


99 


Q> 


r.t. 


11.8 


(NbaFeaa)95Mn5 


(NisoFeac^osMns 


Fe94.7Pto3Mn5 


Fe947Pto3Mn5 


(C07BFe25)95Mn6 


(C07BFe2B)96Mn5 


260 


26.4 


300 


28.8 


350 


26.5 


(Co7&Fe25WiMn&s 


(Co7&Fe2&)903Mn9.7 


400 


27.9 




(C07BFe25)93lMn&9 


(C07&Fe25)85fiMni4J5 


100 


o) 


r.t. 


12.4 


(NiaoFeaoWVIns 


(NWFe2o)95Mn5 


FegsPtzMns 


Fe93Pt2Mn5 


(Co7&Fe25)9&Mn5 


(CoTsFea^ssMns 


260 


27.1 


300 


29.9 


350 


31.6 


(Q)7&Fe^WJVIn^ 


(C075F e2&feo3Mri9.7 


400 


32.8 


Fe92aPt2Mn&i 


(Co75Fe2^93jMna9 


(Co75Fea^a6fiMni4J5 



2001-192217 



[0067] continued 

[Table 16] continued 



TABLE 7a)-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 

CO 


A/TP 

iVLrC 
(%) 


Composition 1 


Composition 2 


Composition 

3 


Composition 
4 


Composition 5 


Composition 6 






r.t. 


13.3 


















260 


26.9 










(CoT&Fe^sMns 


(Co75Fe»)96Mn6 


101 




300 


31.8 


(NboFeacifeeMne 


(NiaoFea^s&Mns 


FeaPtioMns 


Fea&PtioMns 










350 


40.1 










(C075Fe25)94xMn55 


(Co75Fe2s)903Mna7 






400 


45 










(C075Fe2^98jMQ6J9 


(C075F e25)85J5Mni4£ 






r.t. 


12.2 


















260 


25.8 










(Co75Fe25fe6Mn5 


(Co7&Fe2&)95Mn5 


102 


Q> 


300 


27.9 


(NiaoFe2a)96Mn6 


(Ni«oFeaa)95Mn5 


FeriPtaiMns 


FeTiFWVbis 










350 


36.7 










(Co75Fe2^94iMna9 


(C07BF e25)903Mn&7 






400 


43.2 










(Co75Fe2^9s jMn&9 


(C075F e25)a5£Mni4fi 






r.t. 


11.7 


















260 


25.3 










(CovEFe^Mns 


(C07BFe2B)95Mn6 


103 


Q> 


300 


26.9 


(NiaoFe2o)96Mn5 


(NiaaFeaoJsBMns 


FeuFWVlns 


Fe4iPt64Mn5 










350 . 


34.4 










(C07BF e2&)&4xMll5S 


(C07&F e2s)9oaMn9.7 






400 


40.5 










(C07&Fe26)93jMn69 


(C075Fe25)aBfiMni45 






r.t. 


10.3 


















260 


19.9 










(CoTsFea^gsMns 


(CoTsFe^geMns 


104 




300 


22.2 


(NiaoFea^JsfcMns 


CNiaoFeao)9&Mn5 


FesaPtsrMns 


FeaaFWMos 










350 


19.5 










(Co76Fe25WiMn&9 


(Co7BFe2^903Mn9.7 






400 


16.5 










(Co7&Fe2&)93iMna9 


(C075Fe2E)855Mni45 



2001-192217 



[0068] 

[Table 17] 



TABLE 7b)- 1 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 

/a/— <\ 

CO 


MR 

(%) 


Compositioii 1 


■ ■ 

Compositioii 2 


Composition 
3 


Composition 4 


Composition 5 


Composition 6 






r.t. 


12.1 


















260 


27.6 








re^Mns 


(CoTsFea^zjMna 


(CoTsFea^oaMna 


105 


Q) 


300 


27.8 


(NiaoFeat^ssMna 


(NiaoFeaofeaMna 


FeoaMna 










350 


18 










(C075F easbiaMna* 


(C07&F e25)a7aMnm 






400 


14.3 








Fesi^eMnaiB 


(Co7&Fe2s)903Mn9.7 


(C075F e25)83.7Mn 163 






r.t. 


12.2 


















260 


27.9 








-r t?9i ai to ^i. vixia 


(Co7eFe25>92Mna 


(CoT^FeasfeaMna 


106 


Q> 


300 


28.2 


(friaoFeaokaMna 


(NiaoFe2o)92Mn8 


FemaPtoaMna 










350 


18.1 










(C075F e^iJVlna.a 


(C075F e2B)a7sMni2i 






400 


14.5 








Fegirftft^Mn&iB 


(C075F e2&)903Mn9.7 


(C075F ea5)83.7Mni63 






r.t. 


11.6 


















260 


25.9 








FegijPtosMna 


(CoTsFea^iMna 


(Co75Feas>92Mna 


107 


Q) 


300 


28.1 


(NWFe2o)92Mna 


(NiaaFea^Mns 


FesL7Pto3Mna 










350 


24.9 










(Co7bF 625)91 JVlnas 


(Co75Fea&)87aMni2i 






400 


25.8 








FegifiPtoaMnai 


(C07&F e25)903Mn9.7 


(C075F ea^a3.7Mni63 






r.t. 


12 


















260 


26.8 








FegaPtzMna 


(Co75Fe2B)92Mna 


(CWFeaE^gaMna 


108 




300 


29.7 


(NiaoFe2o)92Mna 


(Ni«>Fe2o)92Mns 


FegoPtaMna 










350 


28.7 










(Co75Fe2&feiaMna8 


(C075Fe2B)873Mni21 






400 


30 








Feags&PtsMn&os 


(C075F e25>903Mn9.7 


(C075F ea^83.7Mni63 



2001-192217 



[0068] continued 

[Table 17] continued 



TABLE 7b)-2 



ofimple 
No. 


Ml AwtAVI 4" 

JUtirTieilt 

type 


Heat 

Id. fcTtl Li 1 1CJJ.L 

temperature 

CO 


MR 

(%) 


Composition 1 


Composition 2 


CnTrmfk'^itjn'n 

3 


v-^ji i i^JMcxi null 

4 


Composition 5 


Composition 6 






r.t. 


12.9 


















260 


26.2 










(Co7&Fe2&>92Mna 


(C07BFe25)92Mn8 


109 


q> 


300 


31.1 


(NiaoFeai^Mna 


(NiaoFe2o)92Mna 


FeasPlvMna 


FeasPtyMna 










350 


32.3 










(CoT&Fe^i^Mnaa 


(C075F e2&)873Mni2J 






400 


37.3 










(Co75Fe2&>903Mn9.7 


(C07&Fe25)83.7Mni63 






r.t. 


11 


















260 


24.9 










(Co7BFe25>92Mna 


(CoTsFea^Mna 


110 


c> 


300 


26.2 


OSKaoFea^Mna 


(NiaaFe2o)92MrL8 


FenPtaMos 


Fe-nPtaMna 










350 


on a 










( C\\Tc^e»c^\a\ nAAn a a 

vv-A^vBx *32o^9i 2xv 1 1 iaa 


( (~V» Tt:Vc^ ) q -7 rJVTn 101 






400 


34.1 










(Co7&Feas)903Mn9.7 


(Co76Fe25)a3.7Mni63 






r.t. 


10.6 


















260 


24.9 










(CoTsFea^JVIna 


(Co75Fe25>92Mna 


111 




300 


26.1 


(NiaoFe2o)92Mn8 


(Ni&aFe2o)92Mna 


Fe4iPtaMna 


Fe4iPteMna 










350 


28.5 










(Co7bF es&fei JVTnaa 


(C075F e2&)a7sMni2j 






400 


32.6 










(C075F es&)903MrL9 7 


(C075F e2&)83.7Mni63 






r.t. 


10.2 


















260 


19.7 










(Co7&FeaB)92Mna 


(Co76Fe25)92Mna 


112 




300 


21.9 


CNi8oFe2o)92Mna 


(Ni8oFe2Q)92Mn8 


FesaPt^Mna 


FesaPteaMna 










350 


18.3 










(CoTsFe^i^Mnaa 


(Co76Fe2^87aMni2i 






400 


15.4 










(CotbF e25>903Mns.7 


(C075F e25)83 7Mni63 



2001-192217 



[0069] 

flkble 18] 



TABLE 7c>-l 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 


MR 

(%) 






Composition 
3 


(Vvrrmr*CTf"ifYri -1 


fTntrmn^ition PS 


C^oxnp osrfcioii 6 






r.t. 


11.6 


















260 


26.1 








FessMni 2 


(Co7&Fe 2 a)8aMn 1 2 


(C075F e25)aaMni2 


113 


q) 


300 


26.5 


(NiaoFe^saMn^ 


(NiaoFe2o)aaMni2 


FeaaMni2 










350 


17 










(C07&Fe25)873Mni27 


(Co7&Fe25)a4jBMni56 






400 


13.6 








Fe87sMni2i 


(C075F e2^asjsMni3.4 


(CoTsFe^aiMnis 






r.t. 


11.8 


















260 


26.5 








i. tJ87B-L UJ21VJJ J 12 


(Co76Fe25)aaMni2 


(CoT&Fea^aaMnis 


114 


Q> 


300 


26.9 


(NiaoFe2o)8aMni2 


(Ni8oFe2Q)aaMni2 


Fea7&Pto2Mni2 










350 


17.2 










(C075F 625)873Mni2.7 


(C07&F ea^a4fMniB5 






400 


13.7 








FeaTjPtosMnm 


(Co7eF esfi)a6jGMni3 4 


(C075Fe2^8lMQl9 






r.t. 


11.5 


















260 


25.7 








Fe87jPto3Mni2 


(C07BFe25>88Mni2 


(C075F e2&)saMni2 


115 


G> 


300 


27.8 


(NiaoFe2a)8aMni2 


(NisoFe^saMnii 


Fes7.7Pto3Mni2 










350 


23.5 










(COT&F e2&)873Mni2.7 


(COT&F e25>84£Mni5S 






400 


24 








Fea7£5pto3Mni20B 


(C075F es3a)a6jsMni3.4 


(C075F ea^aiMms 






r.t. 


11.8 


















260 


26.6 










(Co76Fe2B)8aMni2 


(Co76Fe2s)aaMni2 


116 




300 


27.9 


(NiaoFe2o)8aMni_2 


(NiaoFeaofeaMnia 


FeasPt2Mni2 


FeasPt2Mni2 










350 


25.7 










(C075F e25)873MQL2.7 


(COT5Fe25)s4sMni5J5 






400 


27.2 










(Co76Fe25)aasMni3.4 


(Co75Fe25)aiMnm 



2001-192217 



[0069] continued 
[Table 18] continued 



TABLE 7c>-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 

(°c) 


MR 

(%) 


Composition 1 


Composition 2 


Composition 
3 


Composition 
4 


Composition 5 


Composition 6 






r.t. 


11.9 


















260 


25.9 










(Co7BFe2a)8&Mni2 


(CoTsFe^ssMnu: 


117 


q) 


300 


30.2 


(NiaoFea^&aMiiis 


(NoaoFe2o)8aMni2 


FeaiPtTMnis 


FeaiPt7Mni2 










350 


27.2 










(C07&Fe2&)873Mni2.7 


(C075F e26)84£Mni65 






400 


29.9 










(C07&F e2^86fiMni3.4 


(Co76Fe25)aiMni9 






r.t. 


10.1 


















260 


23.9 










(Co7&Fe25)88Mni2 


(C075F e25)aaMni2 


118 


C> 


300 


25.7 


(NiaoF e2o)aaMni2 


(NboFea])aaMhi2 


Fe7iPti7Mni2 


FenPti7Mni2 










350 


26.8 










(Co75Fe25)873Mni2.7 


(C075F e25)a4£iMni55 






400 


29.4 










(C075Fe25)86£Mni3.4 


(Co7&Fe2B)aiMni9 






r.t. 


10.1 


















260 


24.2 










(Co75Fe25)8aMni2 


(CoTsFea^aaMnia 


119 


C> 


300 


. 25.6 


(NiaoFe2o)8sMni2 


(NiaoFe2Q)asMni2 


Fe4iPUMni2 


Fe4iPt47Mni2 










350 


24.9 










(C07&Fe2&)873Mni27 


(C075F e^atsMnisB 






400 


27.2 










(C075F e2&)a6fiMni3 4 


(Co75Fe25)aiMni9 






r.t. 


9.9 


















260 


19.2 










(Co75Fe2&)8aMni2 


(Co75Fe2B>8aMni2 


120 


d) 


300 


21.2 


(NiaoFe^aaMnia 


(NiaoFeai)8aMni2 


Fe3aPt6oMni2 


Fe3aPteoMni2 










350 


17 










(Co76Fe25)a73Mni2.7 


(C075F e2a)a4fiMni55 






400 


13.9 










(C075F e2&)a6£Mni34 


(C075F e2fi)aiMni9 



2001-192217 



[0070] 

[Table 19] 



TABLE 7d)-l 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 
CO 


MR 
/v»/\ 
(%) 


Composition 1 


Composition 2 


Composition 
3 


Composition 4 


Composition 5 


Composition 6 


121 


c) 


r.t. 


in q 


(NiaoFeac)8iMni9 


(NiaoFea^aiMnis 


FeaiMnis 


FesiMnig 


(C075F eas)aiMni9 


(CoTsFe^giMnig 


260 


24.2 


300 


24.7 


350 


16.1 


(Co75Fe2s)80fiMni95 


(C076Fe25)78jsMn21.4 


400 


12.8 


FeaoseMniaoB 


(CoT&Fea^soMnao 


(C075F 625)75 living 9 


122 




r.t. 


11.2 


(NiaoFe2o)8iMni9 


(Ni8oFe2o)8iMni9 


Fe808Pto2Mnis 


FeaoBPtosMnis 


(Co76Fe25)aiMni9 


(Co7&Fe2&)aiMni9 


260 


25.1 


300 


25.3 


350 


16.1 


(C075F e^80j5Mni9s 


(C075F e25)78j6Mnzi.4 


400 


12.8 


Feao.75Pta2Mn19.c6 


(Co7&Fe25)80Mh20 


(C075F e2&)7B.lMll239 


123 




r.t. 


11.4 


(NisoF G2o)8iMni3 


(NisoFe2o)8iMni9 


Fe8o.7PtoaMni9 


Fe8o.7Pto3Mni9 


(Co7BFe25)8iMni9 


(Co75Fe2s)8iMni9 


260 


25.5 


300 


26.9 


350 


21.8 


(C075F e2s)aofiMni95 


(C07BFe2&)78j6Mn21.4 


400 


21.9 


(CoTsFe^aoMnao 


(C075F e25)75.lMn239 


124 




r.t. 


11.4 


<NiaoFe2o)8iMnis 


(Ni8aFe2o)8iMnifl 


FeraPyVInw 


Fe79Pt2Mni9 


(CoTsFea^siMnis 


(Co7&Fe^)8iMni9 


260 


26.1 


300 


27.2 


350 


22.7 


(C075F e25>8osMnifl5 


(C075F e25)78jsMn21.4 


400 


23.1 


(CoTsFe^soMnao 


(C075F e2&)7BlMn239 



2001-192217 



[0070] continued 

[Table 19] continued 



TABLE 7d)-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 


MR 

(%) 


Composition 1 


Composition 2 


Composition 
3 


Composition 
4 


Composition 5 


Composition 6 






r.t. 


11.6 


















260 


25.8 










(Co75Fe2&)aiMni9 


(C075F eaaJaiMnig 


125 




300 


28.9 


(NiaoF e^siMnic) 


(NiaoF e^aiMnig 


Fe74Pt 7 Mni9 


Fe74Pt 7 Mni9 










350 j 


24.4 










(C075F ea^aosMnisfi 


(C075F e2&)7a£MlT21.4 






400 


25.1 










(CoTsFe^aoMnao 


(C075F ea&)75aMn23S 






r.t. 


9.9 


















260 


22.1 










(CoTsFe^aiMnig 


(C07&F e25)aiMni9 


126 




300 


24.2 


0SKaoFe2o)8iMni9 


(NiaoFe2o)aiMni9 


Fe7iPtioMni9 


Fe7iPtioMnis 










350 


23.1 










(Co7BFe2^aofiMni95 


(C075F e2s)7ajsMn2i.4 






400 


24 










(CoTsFe^aoMnao 


(COTsF e2&)75jMn23S 






r.t. 


9.8 


















260 


23.9 










(C075F e2&)aiMnis 


(CoTsFea^aiMnis 


127 




300 


24.2 


(NiaoFe2Q)aiMni9 


(NiacFea^aiMnig 


Fe4iPUoMni9 


Fe4iPt»Mni9 










350 


21.4 










(C075F e2Ei)aosMni9s 


(C076Fe25)73J6Mn21.4 






400 


21.9 










(CoTsFe^aoMnao 


(C075F e2&)7BlMn23S 






r.t. 


9.5 


















260 


18.2 










(CoTsFe^aiMms 


(Co75Fe2&)aiMni9 


128 




300 


20.1 


(Ni8oFe2o)aiMni9 


(NiaoFe2Q)aiMni9 


Fe3aPtsMni9 


FesaPteMnis 










350 


15.1 










(CoTsFe^aofiMniafi 


(C075F e25)7afiMn2i.4 






400 


12.7 










(CoTaFe^aoMnao 


(C075F e2&)76jMn23S 



2001-192217 



[0071] 

[Table 20] 



TABLE 8a)-l 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 

vW 


MR 

(%) 


Composition 1 


Composition 2 


Composition 
3 


Composition 
4 


Composition 5 


Composition 6 






r.t. 


10.1 


















260 


21.1 










(Co75Fe 2& )7aMn 2 2 


(Co75Fea5)7aMn22 


129 


q) 


300 


21.4 


(NiaoFe2a)7aMn22 


(NiaoFe2o)7aMn22 


Fe7aMn22 


Fe7sMri22 










350 


13.2 










(C075Fe25)77.7Mn223 


(C07&F e25)7&4Mll23fi 






400 


10.6 










(C075F e2s)77.4Mn226 


(C07&F e2&)74ilMn251 






r.t. 


10.2 


















260 


21.4 










(Co75Fe^>78Mn22 


(Co7&Fe2&)7aMn22 


130 


0) 


300 


21.6 


(NiaaFeaofoaMn-E 


(NiaoFe2o)7aMn22 


Fe77APt02Mll22 


Fe77APto2Mn22 










350 


13 










(C075Fe25)777Mn223 


(C07&F ez^ia-MnziB 






400 


10.4 










(C07&Fe25)77.4Mn22fi 


(C075Fe25)74sMn252 






r.t. 


10.4 


















260 


21.6 










(C075F e2s)7aMn22 


(C07&F e25)7aMn22 


131 


o) 


300 


21.7 


(NiaoF e2o)7aMn22 


(NiaoFe2c)7aMn22 


Fe777Pt03Mh22 


Fe777Pt03Mn22 










350 


14.6 










(CotbF 625)77 7Mn223 


(C075F es)764Mn23fi 






400 


12.2 










(C075F e^7i^MnziE 


(C075Fe2&)74sMn25A 






r.t. 


10.5 


















260 


21.9 










(Co7&Fe25)7aMn22 


(Co 7&Fe2&)7sMri22 


132 




300 


21.7 


(NisoF eaa)7aMr\22 


(NWFe2o)7aMn22 


Fe7ePt2Mn22 


Fe76Pt2Mnj2 










350 


14.7 










(C075F e25)77jMll223 


(C075F e25)76.4Mn23JB 






400 


12.5 










(C075F e2&)77.4Mn226 


(C075F e25)74sMn2ELl 
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[0071] continued 

[Table 20] continued 



TABLE 8a)-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 

vW 


MR 

(%) 


Composition 1 


Composition 2 


Composition 
3 


Composition 
4 


Composition 5 


Composition 6 






r.t. 


10.7 


















260 


22.1 










^CJo75T e2s)7aMn22 


e2V7aiVln22 


133 


q) 


300 


22.3 


(NisoF e2o)7aMn22 


(NiaoFe2G)7sMn22 


FenPtrMnzj 


Fe7iPt7Mn22 










350 


14.9 










(C07&F e25)77.7Mn223 


(C07BFe2^7&4Mn23jS 






400 


12.8 










(C07&F e2^77.4Mn22i5 


(Co7&Fe26)74aMn2&j 






r.t. 


9.6 


















260 


18.2 










(Co7cFe2s)7aMn22 


(Co75Fe2^7aMn22 


134 


G> 


300 


19.9 


OSKaaFe2o)7aMn22 


(NiaoFe2o)7aMn22 


FeeaPtioMnss 


Fe6aPtioMn22 










350 


14.6 










(C07&F eas)77.7Mn223 


(C075Fe25)76.4Mn23fi 






400 


12.7 










(C07BFe2&)77.4Mn226 


(C075Fe2&)745Mn2SJ 






r.t. 


9.5 


















260 


17.6 










(C07BFe25)78Mn22 


(Co75Fe2^7aMn22 


135 


c) 


300 


18.1 


(NisoF e^7sMn22 


(NiaoFeac)7aMn22 


Fe4iPt37Mn22 


Fe4iPta7Mn22 










350 


13.4 










(C075F e^77 7Mri223 


(C07&F e2^76.4Mn23j5 






400 


10.4 










(C076Fe2B)77.4Mn226 


(Co75Fe2^74aMna5j 






r.t. 


8.1 


















260 


16.2 










(C075Fe26>78Mn22 


(C075F e2s)7aMn22 


136 




300 


16.9 


(NisoF e2o)7aMn22 


(Ni«oFe2a)78Mn22 


Fe3aPt4oMn22 


Fe3sPtoMn22 










350 


11.3 










(C075F e25>77 7Mn223 


(COT5Fe35)7&4Mn23fi 






400 


10.7 










(C076Fe2B)77.4Mn22J6 


(CotbF e2s)743Mn25J 



[0072] 

[Table 21] 
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TABLE 8b)-l 







Heat 










Sample 
No. 


Element 
type 


treatment 
temperature 
(°C) 


MR 

(o/\ 
\/o) 


Composition 1 


Composition 2 


Composition 3 






r t 


1ft <} 












Odd 


0 / .1 








lui 




oUU 


00.0 


P,ncnPt K n 


vU fc>l)JL L5U 


1 5J_ t?25 






oOU 


±0.1 












400 














r.L. 


1 ft ft 

lO.O 












zbU 


0D.0 








1 QQ 

loo 


OJ 


oUU 


ob.o 


V_/O50Jr L50 




\L/075r e25^99.8K.no.2 






3^0 














400 


10.5 












r.t. 


18.5 












260 


35.9 








139 


d) 


300 


36.6 


Co50Pt50 


Co50Pt50 


(Co75Fe25)99.7Rll0.3 






350 


26.5 












400 


25.9 












r.t. 


18.1 












260 


36.2 








140 


d) 


300 


36.4 


Co50Pt50 


Co50Pt50 


(C075Fe25)97Rll3 






350 


35.6 












400 


30.1 
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[0072] continued 

[Table 21] continued 



TABLE 8b)-2 



Sample 
No. 


Element 
type 


Heat 
treatment 
temperature 

(°c) 


MR 

(%) 


Composition 4 


Composition 
5 


Composition 6 


Composition 7 


Composition 
8 


Composition 
9 






r.t. 


18.9 


















260 


37.1 














137 


d) 


300 


36.5 


C075Fe25 


NisoFe2o 


C076Fe25 


Co 7 5Fe26 


CoKjPtBO 


CoBoPtso 






350 


15.1 


















400 


9.9 


















r.t. 


18.8 


















260 


35.6 














138 


d) 


300 


36.6 


(Co75Fe2s)99.sRho.2 


Ni 8 oFe 2 o 


(C07sFe26)99.sRh 0.2 


(Co7BFe 2 5)99.sRho.2 


CoB0Pt B 0 


CoBoPtso 






350 


15.4 


















400 


10.5 


















r.t. 


18.5 


















260 


35.9 














139 


d) 


300 


36.6 


(Co75Fe2s)99.7Rho.S 


NisoFezo 


(Co76Fe25)99.7Rho.3 


(Co7BFe 2 5)99.7Rho.3 


CoeoPtBO 


CoBoPtso 






350 


26.5 


















400 


25.9 


















r.t. 


18.1 


















260 


36.2 














140 


d) 


300 


36.4 


(C075Fe26)97Rh3 


NisoFe2o 


(Co75Fe25)97Rh3 


(C07BFe25)97Rh3 


CoBoPtso 


CosoPtso 






350 


35.6 


















400 


30.1 















[0072] continued 
[Table 21] continued 
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TABLE 8b)-3 







XT i- 

Heat 










Sample 
JNo. 


Element 
type 


treatment 
t e mp e rat u re 
(°C) 


JVLK 
\/o) 


Composition 1 


Composition 2 


Composition 3 






r> t 














ZbU 


QO 1 

oZ.l 










A) 


oUU 


go o 






( C*ji7K. TT'p'okJqkT? n i *; 






ooU 


O A O 

o4.Z 














OD.O 












r.t. 


1 A 1 
ID. 1 












zbU 


oU.l 








1 A O 




or\A 
oUU 


QO /I 


L50 


^XJSOIr L50 


\V_/075r e25/71 n.1129 






^^0 














400 


34.3 












r.t. 


15.2 












260 


25.7 








143 


d) 


300 . 


26.6 


CO50Pt50 


Co50Pt50 


(C075Fe25)4lRll59 






350 


30.3 












400 


29.8 












r.t. 


10.3 












260 


22.1 








144 


d) 


300 


23.5 


Co50Pt50 


CosoPtso 


(C075Fe25)38Rll62 






350 


16.1 












400 


11.2 
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[0072] continued 
[Table 21] continued 



TABLE 8 b)-4 



Sample 
No. 


Element 
type 


rieat 
treatment 
temperature 


MR 

(%) 


Composition 4 


Composition 
5 


OomposiLion o 


Composition 7 


Composition 
8 


Composition 
9 






r.t. 


16.5 


















260 


32.1 














141 


d) 


300 


33.2 


(C07fiFe26)85Rhl5 


NisoFe2o 


(C075Fe 2 5)85Rhl6 


(C075Fe26) 8 BRhl6 


CosoPtso 


CoBoPtBO 






350 


34.2 


















400 


36.6 


















r.t. 


16.1 


















260 


30.1 














142 


d) 


300 


32.4 


(Co7sFe26)7 lRh 29 


Ni8oFe2o 


(C07BFe25)7 lRll29 


(Co7BFe2B)7 lRh29 


CoBoPtBO 


CosoPtso 






350 


34.5 


















400 


34.3 


















r.t. 


15.2 


















260 


25.7 














143 


d) 


300 


26.6 


(C075Fe25)4lRh59 


NisoFe2o 


(C07BFe26)4lRh59 


(C075Fe25)4lRhB9 


CoBoPtso 


CosoPtso 






350 


30.3 


















400 


29.8 


















r.t. 


10.3 


















260 


22.1 














144 


d) 


300 


23.5 


(C075Fe25)38Rh62 


Ni 80 Fe 2 o 


(C07BFe 2 B)38Rhe2 


(C075Fe25)38Rh62 


CosoPtso 


CosoPtso 






350 


16.1 


















400 


11.2 















[0073] 

[Table 22] 
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TABLE 8c)-l 



Sample 
No. 


Element 
type 


Heat treatment 
temperature 
(°C) 


MR 

(%) 


Composition 1 


Composition 2 


Composition 3 


145 


d) 


r.t. 


15.1 


CoeoFeeo 


CosoFeeo 


CoajFeio 


260 


32.1 


300 


34.1 


350 


10.1 


400 


8.5 


146 


d) 


r.t. 


15.3 


(Co5oFe5o)99.ePto.2 


(Co5oFe5o)99.ePto.2 


(Co5oFe5o)99.9Pto.i 


260 


32.4 


300 


34.3 


350 


11.1 


(CogoFe io)99.sPto. i Mn o. i 


400 


9.5 


(CogoFe io)g9.7Pto.2Mno. i 


147 


- d) 


r.t. 


15.5 


(CoeoFe6o)99.7Pto.3 


(Co5oFe6o)g9.7Pto.s 


(CogoFe loWaeMno.ie 


260 


33.1 


300 


35.2 


350 


28.4 


(Co9oFe io)99.7Pto. i eMno. ib 


400 


24.6 


(Co90Fe ld)99.56Pto.3Mno. 15 


148 


d) 


r.t. 


16.3 


(Co60FeB0)97Pt 3 


(Co50Fe50)97Pt 3 


(CogoFe io)99Mm 


260 


35.2 


300 


36.7 


350 


32.8 


(CogoFe io)98Pt i Mn i 


400 


29.9 


(CogoFe io)g7Pt2Mn i 



[0073] continued 

[Table 22] continued 



2001-192217 



TABLE 8c)-2 



Sampl 
e 
No. 


Elemen 
t 

type 


Heat 
treatment 
temperatu 
re 
(°C) 


MR 

(%) 


Composition 4 


Compositi 
on 5 


Composition 6 


Composition 7 


Composition 8 


Composition 9 


145 


d) 


r.t. 


15.1 


FesoNuo 


NisoFe 2 o 


F.eeoNuo 


CogoFeio 


CosoFeso 


CoBoFeso 


260 


32.1 


300 


34.1 


350 


10.1 


Fes7Ni43 


Ni7«.9Fe2i.i 


Fe57Ni43 


400 


8.5 


Fes4Ni46 


Ni77.eFe 2 2.2 


Fe 5 4Ni46 


146 


d) 


r.t. 


15.3 


(Fe6oNi4o)99.sIro.2 


Ni8oFe 20 


(Fe 6 oNi4o)99.8lro.2 


(CogoFe io)99.sMno. i 


(COB0Fe50)99.8Pto.2 


(CoBoFeBo)99.8Pto.2 


260 


32.4 


300 


34.3 


350 


11.1 


(Fe 67^143 ) 99. 8l r 0.2 


Ni78^Fe2i.i 


(Fe57Ni43)g9.8lro,2 


( Co9oFe io) 99.sPto. iMno. i 


400 


9.5 


(Fe 64Ni4G) 99. 8lr 0 .2 


Ni77.fiFe22.2 


(Fe54T"Ji46)99.8lro.2 


(Co9oFe io)99.7Pto.2Mno. 1 


147 


d) 


r.t. 


lO.O 


(Fe 6oNi4o) 99.7lro^ 


NifioFe2o 


(Fe 6 oNi4o)99.7lro.3 


(CogoFe io)99.8BMno. ib 


(CoBoFeso)99.7Pto.3 


(CosoFeBo)99.7Pto.3 


260 


33.1 


300 


35.2 


350 


28.4 


(FeB7Ni4a)99.7lroj 


Ni78.9Fe 2 i.i 


(Fe57Ni43)99.8lro.2 


(CogoFe lo)99.7Pto. leMno. 1 
5 


400 


24.6 


(Fe54Ni4e)99.7lro^ 


Ni 7 7.sFe22.2 


(FeB4Ni46)99.8lr 0 .2 


(CogoFe loWssPto.sMno. i 

5 


148 


d) 


r.t. 


16.3 


(Fe6oNi4o)97lra 


NieoFe2o 


(Fe6oNi4o)97lr3 


(CogoFe io)g9Mn i 


(CoB0FeB0)97Pt 3 


(CoB0FeB0)97Pt 3 


260 


35.2 


300 


36.7 


350 


32.8 


(Fe66.9Ni43 . l) 97. 1 Irz.s 


Ni78^Fe2i.i 


(FeB6.9Ni43.l)97.lIr2.9 


(CogoFe io)9 8 PtiMni 


400 


29.9 


(Fe63.8Ni46.2)97.3lr2.7 


Ni77.8Fe22.2 


(Fe 5 3.8Ni46.2)97.3lr2.7 


( CogoFe io)g7Pt2Mn i 
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[0073] continued 

[Table 22] continued 



TABLE 8c)-3 



Samp 
le 
No. 


Elemen 
t 

type 


rieat 
treatment 

LfcJ II1|J t? £ dlUIC 

(°C) 


ivirv, 
\ so/ 


Composition 1 


Composition 2 


Composition 3 


149 


d) 


r.t. 


17.5 


(CosoFe5o)85Pti5 


( CosoFe 50)85Pt 1 5 


(Co9oFe io)95Mn5 


260 


39.2 


300 


42.4 


350 


42.6 


( OoqhFp 1 n/onPt^lVTri ^ 
c?iu/yui- i/^ivxixo 


400 


38.1 


(CogoFe 10) ssPt loMns 


150 


d) 


r.t. 


16.9 


(Co5oFe5o)7iPt29 


(Co5oFe5o)7iPt29 


(Co9oFeio)90.5Mn9.5 


260 


37.8 


a no 




350 


38.1 


(Co9oFeio)8lPt9.5Mn9.5 


400 


37.9 


(Co9oFeio)7i.5Pti9Mn9.5 


151 


d) 


r.t. 


15.2 


( Co soFe 50)41 Pt59 


(Co5oFe5o)4iPt59 


(Co9oFeio)8o.5Mni9.5 


260 


34.3 


300 


34.5 


350 


33.6 


(Co9oFeio)6lPtl9.5Mni9.5 


400 


33.1 


(CosoFe 10)41. 5Pt39Mn 19.5 


152 


d) 


r.t. 


13.2 


(Co5oFeso)38Pt62 


(Co50Fe50)38Pt62 


(CogoFe 10) 78Mn2i 


260 


25.9 


300 


26.3 


350 


14.2 


(Co9oFeio)58Pt2iMn2i 


400 


12.5 


(CosoFe lo)37Pt42Mn21 



[0073] continued 

[Table 22] continued 



2001-192217 



TABLE 8c)-4 



Sampl 
e 
No. 


Elem 
ent 
type 


Heat 
treatment 
temperatu 
re 


MR 
(% 
) 


Composition 4 


Composition 
5 


Composition 6 


Composition 7 


Composition 8 


Composition 
9 


149 


d) 


r.t. 


17.5 


(Fe6oNi4o)e6lri6 


NiaoFe2o 


(Fe6oNi4o) seine 


(Co9oFeio)fieMn6 


(Co 6oFeeo)sePt le 


(CoBoFeeo)fiePt 

IB 


260 


39.2 


300 


42.4 


oou 




(Fe56.sNi43 .e) 86. 7 Ir 1 4.3 


Ni76.9Fe2i.i 


(Fee6.6Ni43.6)8B.7lri4.3 


V^ogor e ioy9ortiivine 


400 


38. 1 


(Fe63.lNi46.9)s6.6lri3.5 


Ni77.fiFe22.2 


\r eea.iiN 146. 9>* see lri3.e 


^Oogor e loJserTioMne 


150 


d) 


r.t. 


16.9 


(FeeoNi4o) 71 Ir29 


NifioFe2o 


(FeeoNi4o)7iIr29 


(CogoFe io)90^Mn9.e 


(CoeoFeeo)7iPt 2 g 


(CoeoFeeo)7iPt 

29 


260 


37.8 


300 


38.2 


350 


1 

Oo. 1 


(Fe66.9Ni.44. l) 72.4ll*27.6 


Ni78.9Fe2i.i 


(Feee.9Ni44. 1) 72.4 Ir27.6 


\0090r e 10/8 1 rX9£lYln 9.5 


/inn 

4UU 




(Fee i.9Ni48. 1) 73 . 9lr26. 1 


Ni77.fiFe22.2 


(Fee 1 .9Ni48. 1) 73.9lr26. 1 


\ Uogor e to/7 i.6rx 1 gJVLn 9.6 


151 


d) 


r.t. 


15.2 


(Fe 6 oNi4o)4iIr69 


Ni8oFe2o 


(FeeoNi4o)4iIr69 


(CogoFe io)so.eMn 19.B 


(Co60Fe50)4lPt69 


(CoeoFeeo)4iPt 

69 


260 


34.3 


300 


34.5 


350 


33.6 


(Fe53.2 Ni46.fi) 43.9 Ir66.1 


Ni78.9Fe2i.i 


(Fee3.2Ni46.fi) 43.9 Iree.i 


(Co9oFe io)6iPti9.eMn 19.B 


400 


33.1 


(Fe47.2Ni6l.fi) 46.9lr53. 1 


Ni77.8Fe22.2 


(Fe47.2 Nie l.a) 46.9lre3 . 1 


(Co9oFeio)4i.ePts9Mn 19.B 


152 


d) 


r.t. 


13.2 


(Fe 6 oNi4o)s3lr67 


NisoFe2o 


(FeeoNi4o)4iIr69 


(CogoFe io)79Mn2i 


(CoeoFeeo)38Pt62 


(Co5oFeeo)38Pt 

62 


260 


25.9 


300 


26.3 


350 


14.2 


(Fee 1 8Ni48. 2) 36.3 Ir63.7 


Ni78.9Fe2i.i 


(Fe51.8Ni48.2)36.3lr63.7 


(CogoFe io)eaPt2iMn2i 


400 


12.5 


(Fe44.9Niee. 1)39.7^60.3 


Ni77.sFe 2 2.2 


(Fe 4 4^Nie6. 1)39.7 Ireo.s 


(CogoFe io)s7Pt42Mn2i 



[0074] 

[Table 23] 
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TABLE 8d)-l 







rleat 










oampl 

© 
No. 


Elemen 


treatment 

Lt?IIl|Jfc5I dLUI 
@ 

(°C> 


MR 

(%) 


V_/\J J.1 XL* J. 1/J.W 11 1_ 




v^ornpuoXL-iuii o 






r.t. 


17.2 










c) 


260 


30.4 








153 


300 


31.3 


Co5oFe5o 


NisoFeso 


NisoFeso 






350 


16.7 












400 


12.2 












r.t. 


17.3 










c) 


260 


30.6 








154 


300 


31.1 


Co5oFe5o 


NisoFeso 


(Ni5oFe5o)99.8Pto.2 






350 


16.5 












400 


13.1 












r.t. 


17.5 












260 


31.2 








155 


c) 


300 


32.4 


CosoFeso 


NisoFeso 


(Ni50Fe50)99.7Pto.3 






350 


27.6 












400 


25.8 












r.t. 


18.2 










c) 


260 


32.9 








156 


300 


33.4 


CoBoFeso 


NisoFeso 


(Ni 5 oFe 5 o)97Pt3 






350 


31.3 












400 


31.1 









[0074] continued 
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TABLE 8d)-2 



Sampl 
e 

No. 


Element 
type 


Heat 
treatment 
t e mp e r a t u re 
CO 


MR 

(%) 


Composition 4 


Composition 
5 


Composition 6 


Composition 7 


Compositi 
on 8 


Composition 
9 






r.t. 


17.2 


















260 


30.4 














153 


c) 


300 


31.3 


NisoFeso 


Ni 8 oFe 2 o 


Co7eFe25 


C075Pt 2 5 


Co7sFe25 


CosoPdso 






350 


16.7 


















400 


12.2 


















r.t. 


17.3 


















260 


30.6 














154 


c) 


300 


31.1 


NisoFeso 


NisoFe2o 


Co7sFe25 


( Co7eFe2s)99.8Pto. uMno.03Cro.03 


C076Fe 2 6 


CoBoPdso 






350 


16.5 


















400 


13.1 


















r.t. 


17.5 


















260 


31.2 














155 


c) 


300 


32.4 


NisoFeso 


Ni 8 oFe2o 


CoTsFezs 


(Co75Fe2B)99.7Pto.2Mno.06Cro.OB 


Co7sFe25 


CowPdso 






350 


27.6 


















400 


25.8 


















r.t. 


18.2 


















260 


32.9 














156 


c) 


300 


33.4 


NisoFeso 


NisoFe2o 


Co7sFe25 


( Co 75Fe25)97Pt2MnoiCro^ 


Co7sFe25 


CosoPcUo 






350 


31.3 


















400 


31.1 
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TABLE 8d)-3 



Sample 

INO. 


Elemen 
t 

type 


TT 4. 

Heat 
treatment 
temperature 

(°c) 


\ so/ 


Composition 1 


Composition 2 


Composition 3 






r.t. 


17.9 














ou.o 








157 


c) 




Ol.l 


CosoFeso 


TSji e/VF'p cn 


(Ni pmFeftfVR'sPti ^ 








39 9 












400 


32.7 












r.t. 


17.5 












ZDU 


9Q Q 








158 


c) 


uUU 


9Q 7 


CosoFeso 


TVJi e/VKV cn 

A. MOUJ- v> OU 


(Mi En r fip>n/7i Ptw 






350 


31.3 












400 


31.5 












r.t. 


15.6 












260 


25.4 








159 


c) 


300 


26 


CosoFeso 


Ni5oFe5o 


(Ni50Fe50)4lPt59 






350 


27.9 












400 


26.1 












r.t. 


12.1 












260 


20.4 








160 


c) 


300 


21.7 


CosoFeso 


NisoFeso 


(Ni50Fe50)38Pt62 






350 


17.2 












400 


13.5 
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[0074] continued 

[Table 23] continued 



TABLE 8d)-4 



Sample 

IMO. 


Element 
type 


Heat 
treatment 
temperatu 
re 

(°C) 


MR 

(OA) 
\/o) 


Composition 

A 


Composition 5 


Composition 6 


Composition 7 


Compositi 
on 8 


Composition 
9 






r.t. 


17.9 


















260 


30.5 














157 


c) 


300 


31.1 


NisoFeso 


NieoFe2o 


CoTsFeaj 


(C07BFe26)«BPt 10Mn2.BCr2.B 


C07&Fe25 


Co6oPd.5o 






350 


32.2 


















400 


32.7 


















r.t. 


17.5 


















260 


29.3 














158 


c) 


300 


29.7 


NisoFeso 


NisoFe2o 


Co7sFe2B 


(Co76Fe26)7iPti9MnsCrB 


C076Fe26 


CosoPdso 






350 


31.3 


















400 


31.5 


















r.t. 


15.6 


















260 


25.4 














159 


c) 


300 


26 


NifioFeso 


NisoFe2o 


C075Fe26 


(Co75Fe25)4iPt3gMnioCno 


Co7BFe 2 5 


Co&oPcUo 






350 


27.9 


















400 


26.1 


















r.t. 


12.1 


















260 


20.4 














160 


c) 


300 


21.7 


NisoFeso 


NisoFeso 


C075Fe26 


(Co75Fe25)38PUiMn lo.sCr io.B 


C07BFe26 


C050P0U0 






350 


17.2 


















400 


13.5 
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[0075] 

There is a little Mn, which is diffused from the antiferromagnet, at 
the interface in a region containing a small amount of Pt. However, the 
diffusion can be suppressed by adding Pt. 
[0076] 

Table 9a) shows the MR characteristics of each sample including Mn 
and Pt after heat treatment at 350°C and 400°C to MR ratios of a sample to 
which neither Mn nor Pt is added (i.e., the sample 57). Table 9b) shows the 
MR characteristics of each sample after heat treatment at 350°C and 400°C 
to MR ratios of a sample in which the amount of Pt is zero for each addition 
ofMn. 
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[0077] 

[Table 24] TABLE 9b) 





Amount of Mn 


1 


2 


3 


4 


5 


6 


7 


8 






Amount of Pt 


0 


0.2 


0.3 


3 


15 


29 


59 


62 


TABLE 


0 


Amount of Pt+Mn 


0 


0.2 


0.3 


3 


15 


29 


59 


62 


5d) 




350°C 


1 


1.02 


1.44 


1.52 


1.61 


1.54 


1.46 


0.98 






400°C 


1 


1.02 


1.92 


1.99 


2.45 


2.21 


1.95 


1.05 






Amount of Pt 


0 


0.2 


0.3 


2.8 


14.8 


28.8 


58.8 


61.8 


TABLE 


0.2 


Amount of Pt+Mn 


0.2 


0.4 


0.5 


3 


15 


29 


59 


62 


6a) 




350°C 


1 


1.03 


1.56 


1.78 


1.81 


1.68 


1.51 


0.99 






400°C 


1 


1.03 


2.21 


2.43 


2.62 


2.51 


2.27 


1.06 






Amount of Pt 


0 


0.2 


0.3 


2.5 


14.5 


28.5 


58.5 


61.5 


TABLE 


0.5 


Amount of Pt+Mn 


0.5 


0.7 


0.8 


3 


15 


29 


59 


62 


6b) 




350°C 


1 


1.01 


1.46 


1.77 


1.97 


1.9 


1.74 


1 






400°C 


1 


1.01 


1.98 


2.42 


2.73 


2.71 


2.5 


1.06 






Amount of Pt 


0 


0.2 


0.3 


2 


14 


28 


58 


61 


TABLE 


1 


Amount of Pt+Mn 


1 


1.2 


1.3 


3 


15 


29 


59 


62 


6c) 




350°C 


1 


1.01 


1.45 


1.76 


2.07 


1.96 


1.84 


1.04 






400°C 


1 


1.01 


1.91 


2.4 


2.9 


2.81 


2.61 


1.1 






Amount of Pt 


0 


0.2 


0.3 


2 


13 


27 


57 


60 


TABLE 


2 


Amount of Pt+Mn 


2 


2.2 


2.3 


4 


15 


29 


59 


62 


6d) 




350°C 


1 


1.01 


1.44 


1.76 


2.17 


2.06 


1.98 


1.06 






400°C 


1 


1.01 


1.9 


2.39 


3.13 


2.98 


2.81 


1.12 






Amount of Pt 


0 


0.2 


0.3 


2 


10 


24 


54 


57 


TABLE 


5 


Amount of Pt+Mn 


5 


5.2 


5.3 


7 


15 


29 


59 


62 


7a) 




350°C 


1 


1.01 


1.43 


1.7 


2.16 


1.98 


1.86 


1.05 






400°C 


1 


1.01 


1.89 


2.21 


3.04 


2.92 


2.73 


1.11 


TABLE 




Amount of Pt 


0 


0.2 


0.3 


2 


7 


21 


51 


54 


7b) 


8 


Amount of Pt+Mn 


8 


8.2 


8.3 


10 


15 


29 


59 


62 






350°C 


1 


1.01 


1.39 


1.6 


1.8 


1.69 


1.59 


1.02 






400°C 


1 


1.01 


1.8 


2.09 


2.6 


2.38 


2.27 


1.07 






Amount of Pt 


0 


0.2 


0.3 


2 


7 


17 


47 


50 


TABLE 


12 


Amount of Pt+Mn 


12 


12.2 


12.3 


14 


19 


29 


59 


62 


7c) 




350°C 


1 


1.01 


1.38 


1.51 


1.6 


1.58 


1.47 


1 






400°C 


1 


1.01 


1.77 


2 


2.2 


2.17 


2 


1.02 






Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 


TABLE 


19 


Amount of Pt+Mn 


19 


19.2 


19.3 


21 


26 


29 


59 


62 


7d) 




350°C 


1 


1 


1.36 


1.41 


1.52 


1.44 


1.33 


0.94 






400°C 


1 


1 


1.71 


1.8 


1.95 


1.87 


1.71 


0.99 






Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 


TABLE 


22 


Amount of Pt+Mn 


22 


22.2 


22.3 


24 


29 


32 


59 


62 


8a) 




350°C 


1 


0.99 


1.1 


1.11 


1.13 


1.1 


1.01 


0.86 






400°C 


1 


0.99 


1.16 


1.19 


1.21 


1.2 


0,99 


1.01 
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[0078] 

[Table 25] TABLE 9b) 





Amount of Mn 


1 


2 


3 


4 


5 


6 


7 


8 






Amount of Pt 


0 


0.2 


0.3 


3 


15 


29 


59 


62 


TABLE 


0 


Amount of Pt+Mn 


0 


0.2 


0.3 


3 


15 


29 


59 


62 


5d) 




350°C 


1 


1.02 


1.44 


1.52 


1.61 


1.54 


1.46 


0.98 






400°C 


1 


1.02 


1.92 


1.99 


2.45 


2.21 


1.95 


1.05 






Amount of Pt 


0 


0.2 


0.3 


2.8 


14.8 


28.8 


58.8 


61.8 


TABLE 


0.2 


Amount of Pt+Mn 


0.2 


0.4 


0.5 


3 


15 


29 


59 


62 


6a) 




350°C 


1 


1.03 


1.56 


1.78 


1.81 


1.68 


1.51 


0.99 






400°C 


1 


1.03 


2.21 


2.43 


2.62 


2.51 


2.27 


1.06 






Amount of Pt 


0 


0.2 


0.3 


2.5 


14.5 


28.5 


58.5 


61.5 


TABLE 


0.5 


Amount of Pt+Mn 


0.5 


0.7 


0.8 


3 


15 


29 


59 


62 


6b) 




350°C 


1 


1.01 


1.46 


1.77 


1.97 


1.9 


1.74 


1 






400°C 


1 


1.01 


1.98 


2.42 


2.73 


2.71 


2.5 


1.06 






Amount of Pt 


0 


0.2 


0.3 


2 


14 


28 


58 


61 


TABLE 


1 


Amount of Pt+Mn 


1 


1.2 


1.3 


3 


15 


29 


59 


62 


6c) 




350°C 


1 


1.01 


1.45 


1.76 


2.07 


1.96 


1.84 


1.04 






400°C 


1 


1.01 


1.91 


2.4 


2.9 


2.81 


2.61 


1.1 






Amount of Pt 


0 


0.2 


0.3 


2 


13 


27 


57 


60 


TABLE 


2 


Amount of Pt+Mn 


2 


2.2 


2.3 


4 


15 


29 


59 


62 


6d) 




350°C 


1 


1.01 


1.44 


1.76 


2.17 


2.06 


1.98 


1.06 






400°C 


1 


1.01 


1.9 


2.39 


3.13 


2.98 


2.81 


1.12 






Amount of Pt 


0 


0.2 


0.3 


2 


10 


24 


54 


57 


TABLE 


5 


Amount of Pt+Mn 


5 


5.2 


5.3 


7 


15 


29 


59 


62 


7a) 




350°C 


1 


1.01 


1.43 


1.7 


2.16 


1.98 


1.86 


1.05 






400°C 


1 


1.01 


1.89 


2.21 


3.04 


2.92 


2.73 


1.11 


TABLE 




Amount of Pt 


0 


0.2 


0.3 


2 


7 


21 


51 


54 


7b) 


8 


Amount of Pt+Mn 


8 


8.2 


8.3 


10 


15 


29 


59 


62 






350°C 


1 


1.01 


1.39 


1.6 


1.8 


1.69 


1.59 


1.02 






400°C 


1 


1.01 


1.8 


2.09 


2.6 


2.38 


2.27 


1.07 






Amount of Pt 


0 


0.2 


0.3 


2 


7 


17 


47 


50 


TABLE 


12 


Amount of Pt+Mn 


12 


12.2 


12.3 


14 


19 


29 


59 


62 


7c) 




350°C 


1 


1.01 


1.38 


1.51 


1.6 


1.58 


1.47 


1 






400°C 


1 


1.01 


1.77 


2 


2.2 


2.17 


2 


1.02 






Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 


TABLE 


19 


Amount of Pt+Mn 


19 


19.2 


19.3 


21 


26 


29 


59 


62 


7d) 




350°C 


1 


1 


1.36 


1.41 


1.52 


1.44 


1.33 


0.94 






400°C 


1 


1 


1.71 


1.8 


1.95 


1.87 


1.71 


0.99 






Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 


TABLE 


22 


Amount of Pt+Mn 


22 


22.2 


22.3 


24 


29 


32 


59 


62 


8a) 




350°C 


1 


0.99 


1.1 


1.11 


1.13 


1.1 


1.01 


0.86 






400°C 


1 


0.99 


1.16 


1.19 


1.21 


1.2 


0.99 


1.01 
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[0079] 

Favorable characteristics were obtained when the amount of 
addition of Pt was 0.3 to 60 at% and that of Mn was not more than 20 at%, 
particularly in the range of Mn < Pt. It was confirmed that the 
5 characteristics might be improved more by simultaneously adding Mn and 
Pt than by adding Pt alone in a region where Mn was 8 to 5 at% or less and 
Mn < Pt. The same tendency was obtained by an element to which Cr or 
(Mn, Cr) was added in a ratio from 1 : 0.01 to 1 • 100 instead of Mn. 
Moreover, the same tendency was obtained by adding the elements used in 
10 Tables 4a) to 5c) instead of Pt. Further, the same tendency was obtained by 
using the ferromagnets in Table 4. 
[0080] 

Tables 8b) to 8d) show the measurements on elements, each having 
a plurality of barriers due to non-magnets. Even if a plurality of the 
15 non magnets are present, the MR characteristics after heat treatment can 
be improved by adding the elements in the vicinity of either of the interfaces 
of at least one of the non-magnets. 
[0081] 

The compositions between the compositions of the elements shown 
20 in Tables 4a) to 9b) are examined at approximately 2 to 10 points, and the 

experiment is performed so that intervals between the additive compositions 
are at least 2 at% or less, and the results of approximately a third part of 
the combinations shown in the tables and notes and the features thereof are 
shown. The compositions therebetween have the similar results. 
25 [0082] 

Tables 4a) to 9b) show the results of heat treatment up to 400°C. 
However, some samples were heat-treated at 400°C to 540°C in increments 
of 10°C, thus measuring the MR characteristics. Consequently, the 
magnetoresistive element that included the additional element in an 

30 amount of 0.3 to 60 at% had excellent MR characteristics after heat 

treatment up to 450°C as compared with the element that did not include 
the element. In particular, when the amount of addition was 3 to 30 at%, 
excellent MR characteristics were obtained after heat treatment up to 500°C 
as compared with the element that did not include the element. The same 

35 measurement was performed on the element to which Mn and Cr (the 

additional element) were added simultaneously with the main additional 
element. Consequently, the magnetoresistive element that included 0.3 to 
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60 at% of the main additional element and achieved Mn and Cr < the main 
additional element had relatively excellent MR characteristics after heat 
treatment up to 450°C. Moreover, the element that included 3 to 30 at% of 
the main additional element and less than 8 at% of Mn and Cr, and achieved 
5 Mn and Cr < the main additional element had relatively excellent MR 
characteristics after heat treatment up to 500°C as compared with the 
element that included neither Mn, Cr or the additional element. 
[0083] 

The above description shows the results obtained when an AlO film 
10 formed by natural oxidation is used as the non-magnet. However, the same 
tendency can be obtained by using the following films as the non-magnet: 
AlO with plasma oxidation; AlO with ion radical oxidation; AlO with 
reactive evaporation; A1N with natural nitridation; A1N with plasma 
nitridation; A1N with reactive evaporation; BN with plasma nitridation or 
15 reactive evaporation; TaO with thermal oxidation, plasma oxidation, or ion 
radical oxidation; AlSiO with thermal oxidation, natural oxidation, or 
plasma oxidation; and AlON with natural oxynitridation, plasma 
oxynitridation, or reactive sputtering. 
[0084] 

20 The same tendency can be obtained by using FeMn, NiMn, IrMn, 

PtMn, RhMn, CrMnPt, CrAl, CrRu, CrRh, CrOs, Crlr, CrPt, or TbCo as the 

antiferromagnet instead of PdPtMn. 

[0085] 

The same tendency can be obtained by using Rh (thickness^ 0.4 to 
25 1.9 nm), Ir (0.3 to 1.4 nm), or Cr (0.9 to 1.4 nm) as the non-magnetic metal 
instead of Ru (0.7 to 0.9 nm). 
[0086] 

Basically the same tendency can be obtained from each of the 
elements having the configurations shown in the drawings. 

30 [0087] 

(A third embodiment) 

In this example, magnetoresistive elements were produced by the 
same methods of film forming and processing as those in Examples 1 and 2. 
The composition of the film was measured by Auger electron spectroscopy, 

35 SIMS and XPS. An AlON film (thickness: 1.0 to 2 nm) was used as the 

non-magnet. The AlON film was produced by oxynitriding an Al film in a 
chamber filled with a mixed gas of pure oxygen and high purity nitrogen 
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with a radio of 1 : 1. Rh (1.4 to 1.9 nm) was used as the non magnetic 
metal film, and PtMn (20 to 30 nm) was used as the antiferromagnet. The 
element configuration and the ferromagnets were the same as those of the 
samples shown in Tables 5d) to 8a). In this example, the effect of adding 
5 Ta and N was measured in addition to Pt and Mn. Like Example 2, the 
characteristics after heat treatment up to 540°C were examined. Here, the 
measurements at 350°C and 400°C, both indicating distinctive features, 
were described. In this example, a coercive force of the free layer was 
measured as the magnetic characteristics. Tables 10 to 22 report the 

10 coercive force relative to the composition of elements present at each of the 
interfaces. The magnetic characteristics of the samples whose coercive 
forces are not shown in Tables cannot be measured. The addition of Ta and 
N improves the soft magnetic characteristics. However, when the amount 
of non magnetic additives is not less than about 70 at%, it is impossible to 

15 measure the magnetic characteristics. The MR characteristics of the 

samples in Tables 10, 11, 12, 15, 16, 19 and 20 are within ± 10% after heat 
treatment, compared with the element that does not include Ta and N. The 
MR characteristics of the samples in Tables 13, 17 and 21 are degraded by 
about 10 to 20%, and those of the samples in Tables 14, 18 and 22 are 

20 degraded by about 50 to 60%. 
[0088] 

The same tendency can be obtained by replacing Ta with Ti, Zr, Hf, V, 
Nb, Mo, W, Al, Si, Ga, Ge, In or Sn. Moreover, the same tendency can be 
obtained by replacing N with B, C or O. 
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[0089] 
[Table 26] 

TABLE 10 (Ta = 0, N = 0) 



Amount of Mn 




Amount of Pt 


0 


0.2 


0.3 


3 


15 


29 


59 


62 




Total amount of 
additional elements 


0 


0.2 


0.3 


3 


15 


29 


59 


62 


0 


350°C 


98 


98 


99 


113 


127 


147 


196 


196 




400°C 


88 


88 


89 


101 


115 


132 


176 


176 




Amount of Pt 


0 


0.2 


0.3 


2.5 


14.5 


28.5 


58.5 


61.5 




Total amount of 
additional elements 


0.5 


0.7 


0.8 


3 


15 


29 


59 


62 


0.5 


350°C 


97 


97 


98 


112 


126 


146 


194 


194 




400°C 


87 


87 


88 


100 


114 


131 


175 


175 




Amount of Pt 


0 


0.2 


0.3 


2 


14 • 


28 


58 


61 




Total amount of 
additional elements 


1 


1.2 


1.3 


3 


15 


29 


59 


62 


1 


350°C 


93 


93 


94 


107 


121 


140 


186 


186 




400°C 


84 


84 


85 


96 


109 


126 


168 


168 




Amount of Pt 


0 


0.2 


0.3 


2 


10 


24 


54 


57 




Total amount of 
additional elements 


5 


5.2 


5.3 


7 


15 


29 


59 


62 


5 


350°C 


88 


88 


89 


101 


115 


132 


176 


176 




400°C 


79 


79 


80 


91 


103 


119 


159 


159 




Amount of Pt 


0 


0.2 


0.3 


2 


7 


21 


51 


54 




Total amount of 
additional elements 


8 


8.2 


8.3 


10 


15 


29 


59 


62 


8 


350°C 


93 


93 


94 


107 


121 


140 


186 


186 




400°C 


84 


84 


85 


96 


109 


126 


168 


168 




Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 




Total amount of 
additional elements 


19 


19.2 


19.3 


21 


26 


29 


59 


62 


19 


350°C 


96 


96 


97 


110 


125 


144 


192 


192 




400°C 


86 


86 


87 


99 


112 


130 


173 


173 




Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 




Total amount of 
additional elements 


22 


22.2 


22.3 


24 


29 


32 


59 


62 


22 


350°C 


100 


100 


101 


115 


130 


150 


200 


200 




400°C 


90 


90 


91 


103 


117 


135 


180 


180 
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[0090] 
[Table 27] 

TABLE ll(Ta = 1, N = 0) 



Amount of Mn 




Amount of Pt 

TV^t" 51 1 £1 tyi r\i in! nf 

additional elements 


0 
1 


0.2 
1.2 


0.3 
1.3 


3 
4 


15 
16 


29 
30 


59 
60 


62 
63 


0 


350°C 


99 


99 


100 


114 


129 


149 


198 


198 




400°C 


89 


89 


90 


102 


116 


134 


178 


178 




Amount of Pt 

TVvf o I o TYl f\l 1 Tl f" r>T 

lUldl dlllUUIlt Ul 

additional elements 


0 

1.5 


0.2 
1.7 


0.3 
1.8 


2.5 
4 


14.5 
16 


28.5 
30 


58.5 
60 


61.5 
63 


0. 
5 


350 L/ 


98 


no 

98 


AA 

99 


no 
113 


127 


147 


196 


1 nr* 

196 




400°C 


88 


88 


89 


101 


115 


132 


176 


176 




Amount of Pt 
Total amount of 
additional elements 


0 


0.2 
z.z 


0.3 

o o 


2 
4 


14 
lb 


28 

on 

30 


58 

r*n 
60 


61 

63 


1 


350°C 


94 


94 


95 


108 


122 


141 


188 


188 




400°C 


85 


85 


85 


97 


110 


127 


169 


169 




Amount of Pt 
Total amount of 
additional elements 


0 
6 


0.2 
6.2 


0.3 
6.3 


2 

o 

8 


10 
16 


24 
30 


54 
60 


57 

63 


5 


350°C 


89 


89 


90 


102 


116 


134 


178 


178 




400°C 


80 


80 


81 


92 


104 


120 


160 


160 




Amount of Pt 
Total amount of 
additional elements 


0 
9 


0.2 
9.2 


0.3 
9.3 


2 
11 


7 

1 1? 

lb 


21 
30 


51 

c±n 

60 


54 
63 


8 


350°C 


94 


94 


95 


108 


122 


141 


188 


188 




400°C 


85 


85 


85 


97 


110 


127 


169 


169 




Amount of Pt 
Total amount of 
additional elements 


0 
20 


0.2 
20.2 


0.3 
20.3 


2 

22 


7 

27 


10 

30 


40 
60 


43 
63 


19 


350°C 


97 


97 


98 


112 


126 


146 


194 


194 




400°C 


87 


87 


88 


100 


114 


131 


175 


175 




Amount of Pt 
Total amount of 
additional elements 


0 

23 


0.2 
23.2 


0.3 
23.3 


2 

25 


7 

30 


10 

33 


37 
60 


40 

63 


22 


350°C 


101 


101 


102 


116 


131 


151 


202 


202 




400°C 


91 


91 


92 


105 


118 


136 


182 


182 



78 



2001- 192217 



[0091] 
[Table 28] 

TABLE 12 (Ta = 15, N = 0) 



Amount of Mn 





Amount of Pt 


0 


0.2 


0.3 


3 


15 


29 


59 


62 




Total amount of 
additional elements 


1 ^ 


1^9 


1 ^ ^ 
IO. O 


ift 




44 


74 
i i 


77 


0 


350°C 


58 


58 


59 


67 


75 


87 


— 


~" 




400°C 


52 


52 


53 


60 


68 


78 








Amount of Pt 


0 


0.2 


0.3 


2.5 


14.5 


28.5. 


58.5 


61.5 




Total amount of 
additional elements 


ID. 0 


1^7 
io. / 


1 ^ ft 


1ft 




44 


74 


77 


0.5 


350°C 


57 


57 


58 


66 


75 


86 




~ 




400°C 


52 


52 


52 


59 


67 


78 








Amount of Pt 


0 


0.2 


0.3 


2 


14 


28 


58 


61 




Total amount of 
additional elements 


id 


1£ 9 
1D.Z 


ID. O 


i ft 


OVJ 


44 


74 
I ft 


77 


1 


350°C 


55 


55 


56 


63 


72 


83 


— 


— 




400°C 


50 


50 


50 


57 


64 


74 








Amount of Pt 


0 


0.2 


0.3 


2 


10 


24 


54 


57 




Total amount of 
additional elements 


zu 


9H 9 


9f» Q 


99 
ZZ 




44 
ft ft 


74 


77 


5 


350°C 


52 


52 


53 


60 


68 


78 


— 







400°C 


47 


47 


47 


54 


61 


70 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


21 


51 


54 




Total amount of 
additional elements 


9^ 
ZD 


9^ 9 
Z»3. Z 


9^ ^ 
Zo.o 


9^ 


ou 


44 


74 
< ft 


77 


8 


350°C 


55 


55 


56 


63 


72 


83 








400°C 


50 


50 


50 


57 


64 


74 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 




Total amount of 
additional elements 


34 


34.2 


34.3 


36 


41 


44 


74 


77 


19 


350°C 


57 


57 


57 


65 


74 


85 








400°C 


51 


51 


52 


59 


67 


77 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 




Total amount of 
additional elements 


37 


37.2 


37.3 


39 


44 


47 


74 


77 


22 


350°C 


59 


59 


60 


68 


77 


89 








400°C 


53 


53 


54 


61 


69 


80 







79 



2001-192217 



[0092] 
[Table 29] 

TABLE 13 (Ta = 29, N = 0) 



Amount of Mn 





Amount of Pt 


0 


0.2 


0.3 


3 


15 


29 


59 


62 




Total amount of 
additional elements 


on 


OQ O 


OQ Q 


on 

o£ 


A A 

44 


Do 


OO 


Ql 


0 


350°C 


22 


22 


22 


25 


29 


33 


— 


— 




400°C 


20 


20 


20 


23 


26 


30 








Amount of Pt 


0 


0.2 


0.3 


2.5 


14.5 


28.5 


58.5 


61.5 




Total amount of 
additional elements 




oq n 
Zv. 1 




QO 


A A 
44 


Oo 


OO 


Ql 


0.5 


350°C 


22 


22 


22 


25 


28 


33 


— 


— 




400°C 


20 


20 


20 


23 


25 


29 








Amount of Pt 


0 


0.2 


0.3 


2 


14 


28 


58 


61 




Total amount of 
additional elements 


oU 




on o 


QO 


A A 

44 


Oo 


OO 


Q1 


1 


350°C 


21 


21 


21 


24 


27 


31 


— 


— 




400°C 


19 


19 


19 


22 


24 


28 








Amount of Pt 


0 


0.2 


0.3 


2 


10 


24 


54 


57 




Total amount of 
additional elements 


OA 


OA O 


QA O 

o4.o 


ob 


A A 
44 


OO 


oo 


Q1 

y l 


5 


350°C 


20 


20 


20 


23 


26 


30 


— 


— 




400°C 


18 


18 


18 


20 


23 


27 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


21 


51 


54 




Total amount of 
additional elements 


on 


on o 
O t.Z 


Q<7 Q 
O ( .6 


oy 


A A 
44 


OO 


QQ 
OO 


Ql 

yi 


8 


350°C 


21 


21 


21 


24 


27 


31 








400°C 


19 


19 


19 


22 


24 


28 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 




Total amount of 
additional elements 


48 


48.2 


48.3 


50 


55 


58 


88 


91 


19 


350°C 


22 


22 


22 


25 


28 


32 








400°C 


19 


19 


20 


22 


25 


29 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 




Total amount of 
additional elements 


51 


51.2 


51.3 


53 


58 


61 


88 


91 


22 


350°C 


22 


22 


23 


26 


29 


34 








400°C 


20 


20 


20 


23 


26 


30 







80 
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[0093] 
[Table 30] 

TABLE 14 (Ta = 31, N = 0) 



Amount of Mn 





Amount of Pt 


0 


0.2 


0.3 


3 


15 


29 


59 


62 




Total amount of 
additional elements 


ol 


Ql 9 


Ql Q 
Ol.O 


QA 


ACK 
4b 


du 


on 


QQ 

yo 


0 


350°C 


18 


18 


18 


21 


23 


27 


— 


— 




400°C 


16 


16 


16 


19 


21 


24 








Amount of Pt 


0 


0.2 


0.3 


2.5 


14.5 


28.5 


58.5 


61.5 




Total amount of 
additional elements 


Q 1 n: 


Ol. / 


Ql Q 

Ol.O 


Q/l 


AO. 
4b 




on 


QQ 

yo 


0.5 


350°C 


18 


18 


18 


20 


23 


27 


— 


— 




400°C 


16 


16 


16 


18 


21 


24 








Amount of Pt 


0 


0.2 


0.3 


2 


14 


28 


58 


61 




Total amount of 
additional elements 


Of) 


oZZ 


QO Q 

O&.O 


o4 


AO. 
4b 


bU 


on 
yu 


QQ 

yo 


1 


350°C 


17 


17 


17 


20 


22 


26 


— 


— 




400°C 


15 


15 


16 


18 


20 


23 








Amount of Pt 


0 


0.2 


0.3 


2 


10 


24 


54 


57 




Total amount of 
additional elements 


ob 


OO.Z 


Qd Q 
OO.O 


QQ 
OO 


4b 


bU 


on 
yu 


QQ 

yo 


5 


350°C 


16 


16 


16 


19 


21 


24 


— 


— 




400°C 


15 


15 


15 


17 


19 


22 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


21 


51 


54 




Total amount of 
additional elements 


on 

<jy 




QQ O 


A 1 
41 


4b 


bU 


on 
yu 


QQ 

yo 


8 


350°C 


17 


17 


17 


20 


22 


26 








400°C 


15 


15 


16 


18 


20 


23 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 




Total amount of 
additional elements 


50 


50.2 


50.3 


52 


57 


60 


90 


93 


19 


350°C 


18 


18 


18 


20 


23 


26 








400°C 


16 


16 


16 


18 


21 


24 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 




Total amount of 
additional elements 


53 


53.2 


53.3 


55 


60 


63 


90 


93 


22 


350°C 


18 


18 


19 


21 


24 


28 








400°C 


17 


17 


17 


19 


21 


25 







81 



2001-192217 



[0094] 
[Table 31] 

TABLE 15 (Ta = 0, N = l) 



Amount of Mn 




Amount of* T*t. 


0 


0.2 


0.3 


3 


15 


29 


59 


62 




Total amount of 
additional elements 


1 


1.2 


1.3 


4 


16 


30 


60 


63 


0 


350°C 


101 


101 


102 


116 


131 


152 


202 


202 




400°C 


91 


91 


92 


105 


118 


136 


182 


182 




Amni i n t rrf T*t 

nillUUIl \j Ul X Li 


0 


0.2 


0.3 


2.5 


14.5 


28.5 


58.5 


61.5 




Total amount of 
additional elements 


1.5 


1.7 


1.8 


4 


16 


30 


60 


63 


0.5 


350°C 


100 


100 


101 


115 


130 


150 


200 


200 




400°C 


90 


90 


91 


103 


117 


135 


180 


180 




Amount of V*t 


o 


0.2 


0.3 


2 


14 


28 


58 


61 




Total amount of 
additional elements 


2 


2.2 


2.3 


4 


16 


30 


60 


63 


1 


350°C 


96 


96 


97 


110 


125 


144 


192 


192 




400°C 


86 


86 


87 


99 


112 


130 


173 


173 




A m rn int nf* t 

xVlIlUUllli Ul X L> 


o 


0.2 


0.3 


2 


10 


24 


54 


57 j 




Total amount of 
additional elements 


6 


62 


6.3 


8 


16 


30 


60 


63 


5 


350°C 


91 


91 


92 


105 


118 


136 


182 


182 




400°C 


82 


82 


83 


94 


106 


123 


164 


164 




Amount of* T*t 

niiiuuiii ui x i/ 


o 


0.2 


0.3 


2 


7 


21 


51 


54 




Total amount of 
additional elements 


9 


9.2 


9.3 


11 


16 


30 


60 


63 


8 


' 350°C 


96 


96 


97 


110 


125 


144 


192 


192 




400°C 


86 


86 


87 


99 


112 


130 


173 


173 




Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 




Total amount of 
additional elements 


20 


20.2 


20.3 


22 


27 


30 


60 


63 


19 


350°C 


99 


99 


100 


114 


129 


148 


198 


198 




400°C 


89 


89 


90 


102 


116 


134 


178 


178 




Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 




Total amount of 
additional elements 


23 


23.2 


23.3 


25 


30 


33 


60 


63 


22 


350°C 


103 


103 


104 


118 


134 


155 


206 


206 




400°C 


93 


93 


94 


107 


121 


139 


185 


185 



82 



2001-192217 



[0095] 
[Table 32] 

TABLE 16 (Ta = 0, N = 10) 



Amount of Mn 





Amount of Pt 


0 


0.2 


0.3 


3 


15 


29 i 


59 


62 




Total amount of 
additional elements 


10 


in 9 


in °> 


13 


25 


39 




72 


0 


350°C 


62 


62 


63 


71 


81 


93 


— 






400°C 


56 


56 


56 


64 


73 


84 








Amount of Pt 


0 


0.2 


0.3 


2.5 


14.5 


28.5 


58.5 


61.5 




Total amount of 
additional elements 


10.5 


10.7 


10.8 


13 


25 


39 


69 


72 


0.5 


350°C 


61 


61 


62 


71 


80 


92 








400°C 


55 


55 


56 


64 


72 


83 








Amount of Pt 


0 


0.2 


0.3 


2 


14 


28 


58 


61 




Total amount of 
additional elements 


11 


11.2 


11.3 


13 


25 


39 


69 


72 


1 


350°C 


59 


59 


59 


68 


77 


88 










400°C 


53 


53 


54 


61 


69 


80 








Amount of Pt 


0 


0.2 


0.3 


2 


10 


24 


54 


57 




Total amount of 
additional elements 


15 


15.2 


15.3 


17 


25 


39 


69 


72 


5 


350°C 


56 


56 


56 


64 


73 


84 










400°C 


50 


50 


51 


58 


65 


75 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


21 


51 


54 




Total amount of 
additional elements 


18 


18.2 


18.3 


20 


25 


39 


69 


72 


8 


350°C 


59 


59 


59 


68 


77 


88 








400°C 


53 


53 


54 


61 


69 


80 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 




Total amount of 
additional elements 


29 


29.2 


29.3 


31 


36 


39 


69 


72 


19 


350°C 


61 


61 


61 


70 


79 


91 








400°C 


55 


55 


55 


63 


71 


82 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 




Total amount of 
additional elements 


32 


32.2 


32.3 


34 


39 


42 


69 


72 


22 


350°C 


63 


63 


64 


73 


82 


95 








400°C 


57 


57 


57 


65 


74 


85 







83 
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[0096] 
[Table 33] 

TABLE 17 (Ta = 0, N = 19) 



Amount of Mn 





Amount of Pt 


0 


0.2 


0.3 


3 


15 


29 


59 


62 




Total amount of 
additional elements 


1 Q 

It? 


1Q 9 


1Q 3 


99 


<34 


48 


78 


81 


0 


350°C 


25 


25 


25 


29 


33 


38 




~ 




400°C 


23 


23 


23 


26 


29 


34 








Amount of Pt 


0 


0.2 


0.3 


2.5 


14.5 


28.5 


58.5 


61.5 




Total amount of 
additional elements 


1Q C 


1Q 7 


1Q Q 


99 


<*4 


1 o 


78 


81 

O J. 


0.5 


350°C 


25 


25 


25 


28 


32 


37 








400°C 


22 


22 


22 


26 


29 


33 








Amount of Pt 


0 


0.2 


0.3 


2 


14 


28 


58 


61 




Total amount of 
additional elements 


90 


9fl 9 

zu.z 


9H ^ 


99 


<*4 


48 

TO 


78 


81 


1 


350°C 


24 


24 


24 


21 


31 


36 








400°C 


21 


21 


22 


25 


28 


32 








Amount of Pt 


0 


0.2 


0.3 


2 


10 


24 


54 


57 




Total amount of 
additional elements 


9/1 


94 9 


9/1 ^ 


9fi 
zo 


^4 


48 


78 


81 


5 


350°C 


23 


23 


23 


26 


29 


34 








400°C 


20 


20 


20 


23 


26 


30 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


21 


51 


54 




Total amount of 
additional elements 


97 


97 9 


97 3 


9Q 


<*4 

Oft 


48 


78 
I o 


81 


8 


350°C 


24 


24 


24 


27 


31 


36 








400°C 


21 


21 


22 


25 


28 


32 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 




Total amount of 
additional elements 


38 


38.2 


38.3 


40 


45 


48 


78 


81 


19 


350°C 


25 


25 


25 


28 


32 


37 








400°C 


22 


22 


22 


25 


29 


33 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 




Total amount of 
additional elements 


41 


41.2 


41.3 


43 


48 


51 


78 


81. 


22 


350°C 


26 


26 


26 


29 


33 


38 








400°C 


23 


23 


23 


26 


30 


34 







84 
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[0097] 
[Table 34] 

TABLE 18 (Ta = 0, N = 2l) 



Amount of Mn 




Amount of Pt 


0 


0.2 


0.3 


3 


15 


29 


59 


62 




Total amount of 
additional elements 




0 1 o 

21.2 


21. o 


24 


3b 


oU 


OA 

oU 


QQ 
OO 


0 


350°C 


21 


21 


21 


24 


27 


32 


— 







400°C 


19 


19 


19 


22 


25 


28 








Amount of Pt 


0 


0.2 


0.3 


2.5 


14.5 


28.5 


58.5 


61.5 




Total amount of 
additional elements 


21.5 


21.7 


21.8 


O A 

Z4: 


3b 


50 


OA 

oU 


QO 

OO 


0.5 


350°C 


21 


21 


21 


24 


27 


31 


— 


— 




400°C 


19 


19 


19 


22 


24 


28 








Amount of Pt 


0 


0.2 


0.3 


2 


14 


28 


58 


61 




Total amount of 
additional elements 


22 


22.2 


22.3 


O A 

24 


36 


5U 


on 

oU 


QQ 

OO 


1 


350°C 


20 


20 


20 


23 


26 


30 


— 


— 




400°C 


18 


18 


18 


21 


23 


27 








Amount of Pt 


0 


0.2 


0.3 


2 


10 


24 


54 


57 




Total amount of 
additional elements 


26 


26.2 


26.3 


OO 

28 


36 


50 


QA 

OU 


QO 
OO 


5 


350°C 


19 


19 


19 


22 


25 


28 


— 


— 




400°C 


17 


17 


17 


20 


22 


26 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


21 


51 


54 




Total amount of 
additional elements 


29 


29.2 


29.3 


31 


3b 


50 


oU 


QQ 
OO 


8 


350°C 


20 


20 


20 


23 


26 


30 








400°C 


18 


18 


18 


21 


23 


27 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 




Total amount of 
additional elements 


40 


40.2 


40.3 


42 


47 


50 


80 


83 


19 


350°C 


21 


21 


21 


24 


27 


31 








400°C 


19 


19 


19 


21 


24 


28 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 




Total amount of 
additional elements 


43 


43.2 


43.3 


45 


50 


53 


80 


83 


22 


350°C 


21 


21 


22 


25 


28 


32 








400°C 


19 


19 


19 


22 


25 


29 







85 
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[0098] 
[Table 35] 

TABLE 19 (Ta = 3, N = 2) 



Amount of Mn 





Amount of Pt 


0 


0.2 


0.3 


3 


15 


29 


59 


62 




Total amount of 
additional elements 


5 


5.2 


c o 
o.o 


Q 

o 


on 


OA 

o4 


CIA 


CXI 


0 


350°C 


79 


79 


80 


91 


103 


119 


158 


158 




400°C 


71 


71 


72 


82 


92 


107 


142 


142 




Amount of Pt 


0 


0.2 


0.3 


2.5 


14.5 


28.5 


58.5 


61.5 




Total amount of 
additional elements 


5.5 


5.7 


r o 

5.8 


Q 
O 


OA 

20 


OA 

34 


a a 


b7 


0.5 


350°C 


78 


78 


79 


90 


102 


117 


156 


156 




400°C 


70 


70 


71 


81 


92 


106 


141 


141 




Amount of Pt 


0 


0.2 


0.3 


2 


14 


28 


58 


61 




Total amount of 
additional elements 


6 


6.2 


6.3 


o 

8 


on 

20 


O A 

64: 


a a 
b4 


CI 

b / 


1 


350°C 


75 


75 


76 


86 


98 


113 


150 


150 




400°C 


68 


68 


68 


78 


88 


101 


135 


135 




Amount of Pt 


0 


0.2 


0.3 


2 


10 


24 


54 


57 




Total amount of 
additional elements 


10 


10.2 


10.3 


12 


on 

20 


Q A 


a a 


an 
b / 


5 


350°C 


71 


71 


72 


82 


92 


107 


142 


142 




400°C 


64 


64 


65 


74 


83 


96 


128 


128 




Amount of Pt 


0 


0.2 


0.3 


2 


7 


21 


51 


54 




Total amount of 
additional elements 


13 


13.2 


13.3 


15 


on 
20 


OA 

34 


a a 
b4 


b / 


8 


350°C 


75 


75 


76 


86 


98 


113 


150 


150 




400°C 


68 


68 


68 


78 


88 


101 


135 


135 




Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 




Total amount of 
additional elements 


24 


24.2 


24.3 


26 


31 


34 


64 


67 


19 


350°C 


77 


77 


78 


89 


101 


116 


155 


155 




400°C 


70 


70 


70 


80 


91 


105 


139 


139 




Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 




Total amount of 
additional elements 


27 


27.2 


27.3 


29 


34 


37 


64 


67 


22 


350°C 


81 


81 


81 


93 


105 


121 


161 


161 




400°C 


73 


73 


73 


83 


94 


109 


145 


145 
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[0099] 
[Table 36] 

TABLE 20 (Ta = 14, N = 7) 



Amount of Mn 





Amount of Pt 


0 


0.2 


0.3 


3 


15 


29 


59 


62 




Total amount of 
additional elements 


21 


21.2 




OA 

24 


OO 


FA 

oU 


OA 

oU 


QO 
OO 


0 


350°C 


38 


38 


38 


44 


49 


57 


— 


— 




400°C 


34 


34 


35 


39 


44 


51 








Amount of Pt 


0 


0.2 


0.3 


2.5 


14.5 


28.5 


58.5 


61.5 




Total amount of 
additional elements 


21.5 


21.7 


O 1 o 

21.8 


24 


36 


50 


OA 

80 


OO 

OO 


0.5 


350°C 


38 


38 


38 


43 


49 


56 


— 


— 




400°C 


34 


34 


34 


39 


44 


51 








Amount of Pt 


0 


0.2 


0.3 


2 


14 


28 


58 


61 




Total amount of 
additional elements 


22 


22.2 


22.3 


24 


36 


50 


oO 


o o 
OO 


1 


350°C 


36 


36 


36 


42 


47 


54 


— 


— 




400°C 


32 


32 


33 


37 


42 


49 








Amount of Pt 


0 


0.2 


0.3 


2 


10 


24 


54 


57 




Total amount of 
additional elements 


26 


26.2 


26.3 


28 


36 


50 


80 


QO 

OO 


5 


350°C 


34 


34 


35 


39 


44 


51 


— 


— 




400°C 


31 


31 


31 


35 


40 


46 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


21 


51 


54 




Total amount of 
additional elements 


29 


29.2 


29.3 


31 


36 


50 


oU 


QO 


8 


350°C 


36 


36 


36 


42 


47 


54 








400°C 


32 


32 


33 


37 


42 


49 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 




Total amount of 
additional elements 


40 


40.2 


40.3 


42 


47 


50 


80 


83 


19 


350°C 


37 


37 


38 


43 


48 


56 








400°C 


34 


34 


34 


39 


44 


50 








Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 




Total amount of 
additional elements 


43 


43.2 


43.3 


45 


50 


53 


80 


83 


22 


350°C 


39 


39 


39 


45 


50 


58 








400°C 


35 


35 


35 


40 


45 


52 
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[0100] 
[Table 37] 

TABLE 21 (Ta = 29, N = 19) 



Amount of Mn 




Amount of Pt 


0 


0.2 


0.3 


3 


15 


29 


59 


62 




Total amount of 
additional elements 


48 


48.2 


48.3 


51 


63 


77 


107 


110 


0 


350°C 


5 


5 


5 


6 


7 


— 


— 


— 




400°C 


5 


5 


5 


5 


6 










Amount of Pt 


0 


0.2 


0.3 


2.5 


14.5 


28.5 


58.5 


61.5 




Total amount of 
additional elements 


48.5 


48.7 


48.8 


51 


63 


77 


107 


110 


0.5 


350°C 


5 


5 


5 


6 


6 


— 


— 


— 




400°C 


4 


4 


4 


5 


6 










Amount of Pt 


0 


0.2 


0.3 


2 


14 


28 


58 


61 




Total amount of 
additional elements 


49 


49.2 


49.3 


51 


63 


77 


107 


110 


1 


350°C 


5 


5 


5 


5 


6 


— 


— 


— 




400°C 


4 


4 


4 


5 


6 










Amount of Pt 


0 


0.2 


0.3 


2 


10 


24 


54 


57 




Total amount of 
additional elements 


53 


53.2 


53.3 


55 


63 


77 


107 


110 


5 


350°C 


5 


5 


5 


5 


6 


— 




— 




400°C 


4 


4 


4 


5 


5 










Amount of Pt 


0 


0.2 


0.3 


2 


7 


21 


51 


54 




Total amount of 
additional elements 


56 


56.2 


56.3 


58 


63 


77 


107 


110 


8 


350°C 


5 


5 


5 


5 


6 










400°C 


4 


4 


4 


5 


6 










Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 




Total amount of 
additional elements 


67 


67.2 


67.3 


69 


74 


77 


107 


110 


19 


350°C 


5 


5 


5 


6 












400°C 


4 


4 


4 


5 












Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 




Total amount of 
additional elements 


70 


70.2 


70.3 


72 


77 


80 


107 


110 


22 


350°C 


5 


5 


5 














400°C 


5 


5 


5 
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[0101] 
[Table 38] 

TABLE 22 (Ta = 31, N = 21) 



Amount of Mn 





Amount of Pt 


0 


0.2 


0.3 


3 


15 


29 


59 


62 




Total amount of 
additional elements 


OA 


^9 9 




OO 


67 


81 


111 


114 


0 


350°C 


5 


5 


5 


5 


6 










400°C 


4 


4 


4 


5 


5 










Amount of Pt 


0 


0.2 ! 


0.3 


2.5 


14.5 


28.5 


58.5 


61.5 




Total amount of 
additional elements 


^9 ^ 


^9 7 


^9 8 


oo 


fi7 


81 


111 


114 


0.5 


350°C 


4 


4 


4 


5 


6 


z 








400°C 


4 


4 


4 


5 


5 










Amount of Pt 


0 


0.2 


0.3 


2 


14 


28 


58 


61 




Total amount of 
additional elements 




^3 9 


oo.o 


oo 


fi7 


81 


1 1 1 


114 

X It 


1 


350°C 


4 


4 


4 


5 


6 










400°C 


4 


4 


4 


4 


5 










Amount of Pt 


0 


0.2 


0.3 


2 


10 


24 


54 


57 




Total amount of 
additional elements 


o / 


^7 9 


^7 3 




G7 


81 

Ol 


111 

1 X X 


1 1 4 

lit 


5 


350°C 


4 


4 


4 


5 


5 


— 








400°C 


4 


4 


4 


4 


5 










Amount of Pt 


0 


0.2 


0.3 


2 


7 


21 


51 


54 




Total amount of 
additional elements 




fin 9 


DU. O 


£9 


R7 


O 1 


m 

XXX 


114 

X X*± 


8 


350°C 


4 


4 


4 


5 


6 










400°C 


4 


4 


4 


4 


5 










Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


40 


43 




Total amount of 
additional elements 


71 


71.2 


71.3 


73 


78 


81 


111 


114 


19 


350°C 




















400°C 




















Amount of Pt 


0 


0.2 


0.3 


2 


7 


10 


37 


40 




Total amount of 
additional elements 


74 


74.2 


74.3 


76 


81 


84 


111 


114 


22 


350°C 




















400°C 
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[0102] 

(A fourth embodiment) 

In this example, magnetoresistive elements were produced by the 
same method of film forming and processing as those in Examples 1 to 3. 
5 An AlOx film (thickness- 1.0 to 2 nm) was used as the non-magnet. The 
AlOx film was produced by oxidizing an Al film with an ion radical source of 
O. Ir (1.2 to 1.4 nm) was used as the non -magnetic metal layer, and NiMn 
(30 to 40 nm) was used as the antiferromagnet. The element configuration 
and the ferromagnets were the same as those of the samples shown in 

10 Tables 4 to 8. In this example, Pt, Pr and Au were added to examine the 
MR characteristics after each of the heat treatments and the stability of 
solid solution. The solid solution was evaluated in the following manner. 
First, the elements were heat-treated at different temperatures of 350°C, 
400°C, 450°C and 500°C. Then, the composition at the interfaces of the 

15 non-magnet of each of the elements was determined, e.g., by XPS analysis 
after AES depth profile, SIMS, and milling. Next, alloy samples having the 
composition thus determined were produced separately, which then were 
heat-treated in the atmosphere of a reduced pressure (10 5 Pa) at 350°C, 
400°C, 450°C and 500°C for 24 hours. The surfaces of the alloy samples 

20 were etched chemically and observed with a metallurgical microscope. 
After etching, ion milling was performed in the atmosphere of a reduced 
pressure, followed by structural observation with a scanning electron 
microscope (SEM) and in-plane composition analysis with EDX. Finally, 
whether the alloy samples had a single phase was evaluated based on the 

25 measurements. 
[0103] 

When composition distribution and a plurality of phases were 
observed in the alloy sample whose heat treatment temperature and 
composition corresponded to those of the magnetoresistive element, the MR 

30 characteristics of this element were improved by about 30 to 100%, 

compared with the element that did not include the additive element or the 
like. When the alloy sample showed a single phase, the MR characteristics 
of the corresponding element were improved by about 80 to 200%, compared 
with the element that included no additional element. The element that 

35 corresponded to the alloy sample having a stable single phase provided even 
more favorable MR characteristics after heat treatment. 
[0104] 
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(A fifth embodiment) 

Using the samples in Tables 4d), 5a), 5c), and 5d) of Example 2, the 
diffusion effect of Mn observed after heat treatment was controlled by 
appropriately changing the distance between the interface of 
5 antiferromagnet/ferromagnet and the interface of ferromagnet/non-magnet 
and heat treatment temperatures. Here, the heat treatment temperature 
was 300°C or more. This control was performed so that Mn at the 
interfaces of the non-magnet was 20 to 0.5 at% after heat treatment. When 
the distance was less than 3 nm, the content of the magnetic elements (Fe, 

10 Co, Ni) was reduced to 40 at% or less after heat treatment even with the 
addition of Pt or the like, resulting in a significant degradation of the MR 
characteristics. When the distance was more than 50 nm, heat treatment 
at 400°C or more was required only for increasing the content of Mn at the 
interfaces by 0.5 at%. A sufficient effect of fixing the magnetization 

15 directions of the ferromagnets was not obtained from the antiferromagnet, 
resulting in a significant degradation of the MR characteristics after heat 
treatment. 
[0105] 

[Effects of the invention] 
20 As mentioned above, according to the present invention, a high MR 

characteristics can be obtained by allowing a roughness of an interface of a 
non-magnet to be 20 nm or less after a heat treatment of a magnet at 300°C 
or more. 
[0106] 

25 Moreover, by limiting compositions of a magnet and a non-magnet, a 

magnetoresistive element with high MR characteristics and excellent 
magnetic characteristics can be obtained. 
[0107] 

Furthermore, by allowing a composition of the magnet at an 
30 interface with a non-magnet to be alloy that has a single phase at 

temperature of heat treatment, a magnetoresistive element with excellent 

stability can be obtained. 

[0108] 

Still further, in a magnetoresistive element having an 
35 antiferromagnet, by allowing a distance from an interface between a 
ferromagnet and a non-magnet to the antiferromagnet to be in a range 
between 3 nm and 50 nm inclusive, a magnetoresistive element with high 
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heat-resistance can be formed. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 
[FIG.l] 

FIGS. 1 is a schematic view of a magnetoresistive element for 
evaluation. 
[FIG.2] 

FIG. 2 is a view for describing a definition of Rl and the radius of 
curvature of the present invention. 
[FIG.3] 

FIG. 3 is a view showing an example of a structure of the 
magnetoresistive element of the present invention. 
[FIG.4] 

FIG. 4 is a schematic view of the magnetoresistive element of 
Example 2 and 3. 



92 




2001 192217 



[Document Name] ABSTRACT 
[Abstract] 

[Object] It is an object of the present invention to provide an AC plasma 
display panel in which the occurrence of unevenness in display luminance 
5 and error display are suppressed. 

[Means to Solve the Problems] A plurality of sustain electrodes 4a and 4b 
and scanning electrodes 5, which are covered with a dielectric layer 2 and a 
protective film 3, are provided in parallel on a first insulating substrate 1. 
A sustain electrode 4a, a scanning electrode 5, and a sustain electrode 4b 

10 are formed sequentially to constitute one set of electrodes and a plurality of 
such sets are provided in parallel. On a second insulating substrate 6, a 
plurality of data electrodes 7 are provided. Between the respective data 
electrodes 7, a plurality of separation walls 8 are provided in parallel to the 
data electrodes 7. Phosphors 9 are provided on the plurality of data 

15 electrodes 7 and side faces of the plurality of separation walls 8. The first 
insulating substrate 1 and the second insulating substrate 6 are positioned 
opposing each other so that the sustain electrodes 4a, the scanning 
electrodes 5, and the sustain electrodes 4b are orthogonal to the data 
electrodes 7. 

20 [Selected Figure] Fig. 1 
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[Document Name] Drawings 
[FIG. 1] 

(a) schematic view of magnetoresistive element for evaluation 



magnetoresistive element 



lower electrode 



upper 
electrode 



interlayer insulating film 



substrate 



(b) cross-sectional view 



ferromagnet 




upper electrode 



interlayer insulating film 
- non-magnet 



lower electrode 



substrate 
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[FIG. 2] view for describing a definition of Rl and the radius of curvature 
of the present invention 



( a) 



Among deviations from an average line to an interface, 
a maximum value is set to be roughness in the range 



average line 



ferromagnetic layer 1 



radius of 
curvature 




dexdSon 1 ferromagnetic layer 2 non-magnetic layer 1 



from interface 



( b ) 



ferromagnetic layer 1 




ferromagnetic layer 2 



non-magnetic layer 1 
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[FIG. 3] 



a) 

ferromagnet 
non-magnet 
antiferromagnet 

b) 

ferromagnet 
non -magnetic metal 
non-magnet 
antiferromagnet 




e) 

ferromagnet 

non-magnet 

non-magnetic 
metal 

antiferromagnet " 




n 



ferromagnet k — - 
non-magnet 



non-magnetic - 
metal 



c) 

ferromagnet 
non-magnet 




ferromagnet 
non-magnetic 
metal 
non-magnet 



antiferromagnet ~ " 



d) 

antiferromagnet - 



non-magnet 
ferromagnet ^ 



/2, 



non-magnetic metalS^^ 
antiferromagnet 




h) 

ferromagnet 
non -magnet 

non-magnetic 
metal 

antiferromagnet 

non -magnetic 
metal 

non-magnet- 

ferromagnet < 



example of structure of an magnetoresistive element 
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& ) ferromagnet 1 
non-magnet ■ — 
ferromagnet 2 " 



b ) ferromagnet 1 ~~ 
non -magnet — 
ferromagnet 2 
antiferromagnet 





Composition 1 
Composition 2 
Composition 3 

Composition 4 

Composition 5 
Composition 6 
Composition 1 
Composition 2 
Composition 3 
Composition 4 
Composition 5 
Composition 6 



c) 



ferromagnet 1 - 
non-magnet 

ferromagnet 2 - 
non-magnetic metal - 
ferromagnet 3 " 
antiferromagnet 



Composition 1 
Composition 2 
Composition 3 
Composition 4 
Composition 5 
Composition 6 



d) 



ferromagnet 1 
non-magnet 1 

ferromagnet 2 ' 

non -magnet 2 

ferromagnet 3 



Composition 1 
] Composition 2 
.Composition 3 
Composition 4 
Composition 5 
Composition 6 
Composition 7 
Composition 8 
Composition 9 



schematic view of the magnetoresistive element of Example 2 and 3 
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